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SECTION I 
SUMMARY a n d  CONCLUSIONS 
1-1 SUMMARY 
T h e  N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d m i n i s t r a t i o n  - 
L a n g l e y  R e s e a r c h  C e n t e r  (NASA-LRC) , i n  a t t e m p t i n g  t o  
d e v e l o p  a  m o r e  m e a n i n g f u l  q u a l i f i c a t i o n  p r o g r a m  f o r  
d i g i t a l  m o n o l i t h i c  i n t e g r a t e d  c i r c u i t s  c o n t r a c t e d  w i t h  
P h i l c o - F o r d  t o :  
1. S e l e c t  t e s t  v e h i c l e s  r e p r e s e n t a t i v e  o f  t h e i r  
e n t i r e  d i g i t a l  p r o d u c t i o n .  
2 .  S t e p - s t r e s z  t e s t  t h e s e  v e h i c l e s  t o  f a i l u r e  o r  
t o  e q u i p m e n t  l i m i t a t i o n s  i n  k e y  e n v i r o n m e n t s .  
3 .  M e a s u r e  s p e c i f i e d  e l e c t r i c a l  p a r a m e t e r s  
i n i t i a l l y  a n d  a f  t e r  e a c h  s t r e s s  s t e p .  
4 .  P e r f o r m  h e r m e t i c i t y  t e s t s  o n  a l l  v e h i c l e s  i n i t i a l l y  
a n d  f o r  s e l e c t e d  e n v i r o n m e n t a l  t e s t s ,  a f t e r  e a c h  
s t r e s s  s t e p .  
5 .  A n a l y z e  a l l  c a t a s t r o p h i c  f a i l u r e s .  
1 . 2  DOCUMENTATION OF THE PROGRAM 
T h e  p r o d u c t  o f  t h e  p r o g r a m  i s  t h e  f o l l o w i n g  d o c u m e n t a t i o n  
w h i c h  h a s  b e e n  p r e s e n t e d  t o  t h e  L a n g l e y  R e s e a r c h  C e n t e r  
i n  t h i s  r e p o r t  o r  o t h e r w i s e  a s  n o t e d :  
1. D e s i g n  a p p r a i s a l s  o f  t h e  t e s t  v e h i c l e s .  
2 .  Summary o f  t h e  c a t a s t r o p h i c  f a i l u r e s .  
3 .  Summary a n d  d i s c u s s i o n  o f  t h e  f a i l u r e  a n a l y s i s  
a n d  f a i l u r e  modes  f o r  t h e  c a t a s t r o p h i c  f a i l u r e s .  
4 .  Summary o f  t h e  c a t a s t r o p h i c  a n d  d e g r a d a t i o n  
f a i l u r e s  a t  e a c h  s t r e s s  t e s t .  
5 .  Summary o f  t h e  n u m b e r  o f  h e r m e t i c i t y  f a i l u r e s .  
6 .  S u b m i s s i o n  o f  t h e  c o l l a t e d  e l e c t r i c a l  t e s t  d a t a  
a n d  h e r m e t i c i t y  t e s t  d a t a .  
a .  S u b m i t t e d  i n  t h r e e  s e p a r a t e  v o l u m e s  e n t i t l e d  - 
P r o g r a m  T e s t  D a t a  f o r  C o n t r a c t  NASI-8714 ,  
D e v e l o p m e n t  o f  Q u a l i f i c a t i o n  T e s t  P r o g r a m  
f o r  M i c r o e l e c t r o n i c  D e v i c e s .  
7 .  S u b m i s s i o n  o f  t h e  d a t a  p u n c h  c a r d s .  
a .  S u b m i t t e d  u n d e r  s e p a r a t e  c o v e r .  
8 .  F a i l u r e  a n a l y s i s  r e p o r t s .  
a .  S u b m i t t e d  w i t h  t h e  i n t e r i m  r e p o r t s .  
9 .  T e s t  v e h i c l e s  w h i c h  may b'e f u r t h e r  t e s t e d  a n d  
t h e  c a t a s t r o p h i c  f a i l u r e s .  
a .  S u b m i t t e d  p a c k a g e d  b y  t y p e .  
1 . 3  DATA ANALYSIS 
NASA-LRC w i l l  a n a l y z e  t h e  d a t a  i n  d e t a i l  a n d  d e v e l o p  
d i s t r i b u t i o n  c u r v e s  f o r  a l l  e l e c t r i c a l  p a r a m e t e r s .  Upon 
c o m p l e t i o n  o f  t h i s  a n a l y s i s ,  NASA-LRC w i l l  p u b l i s h  a  
r e p o r t  w i t h  f i n a l  c o n c l u s i o n s  c o n c e r n i n g  t h e  v a l u e  o f  
t h i s  t y p e  o f  a q u a l i f i c a t i o n  p r o g r a m .  
1 . 4  CONCLUSIONS a n d  RECOMMENDATIONS 
T h e  b u l k  o f  t h e  f a i l u r e s  o c c u r r e d  a t  s t r e s s  l e v e l s  w e l l  
i n  e x c e s s  o f  t h o s e  i n  g e n e r a l  u s a g e  f o r  e v a l u a t i n g  t h e  
p r o d u c t .  P r o d u c t  i m p r o v e m e n t s  a t  P h i l c o - F o r d  h a v e  b e e n  
t h e  r e s u l t  o f  r e p e a t e d  i n t e r n a l  t e s t i n g  a t  l e v e l s  w e l l  
i n  e x c e s s  o f  maximum r a t i n g s .  T h e  f a c t  t h a t  f a i l u r e s  
d i d  n o t  o c c u r  u n d e r  c e r t a i n  e n v i r o n m e n t s ,  o r  t h a t  m o r e  
f a i l u r e s  d i d  n o t  o c c u r  a t  i n t e r m e d i a t e  l e v e l s  d o e s  n o t  
n e c e s s a r i l y  i m p l y  t h a t  t h e  s t r e s s  t e s t  i s  n o t  u s e f u l .  
The  q u a l i t y  o f  t h e  t e s t  v e h i c l e ,  a s  d e v e l o p e d  t h r o u g h  
c o r r e c t i v e  a c t i o n s  r e s u l t i n g  f r o m  s e v e r e  s t r e s s  t e s t i n g ,  
m u s t  b e  c o n s i d e r e d  when  a s s e s s i n g  t h e  v a l u e  o f  t h e  
p a r t i c u l a r  e n v i r o n m e n t s  u s e d  i n  t h e  p r o g r a m .  T e s t i n g  
o f  c o m p e t i t i v e  t y p e s  u n d e r  t h e  s a m e  c o n d i t i o n s  may b e  
n e c e s s a r y  f o r  a  c o m p l e t e  a s s e s s m e n t .  
SECTION 11 
TEST VEHICLE SELECTION & IDENTIFICATION 
2 . 1  T e s t  V e h i c l e  S e l e c t i o n  
E i g h t  h u n d r e d  a n d  f o r t y  d e v i c e s  w e r e  s e l e c t e d  f r o m  
e x i s t i n g  l o g i c a l  g r o u p i n g s  o f  m o n o l i t h i c  m i c r o c i r c u i t s  
as t h e  t e s t  v e h i c l e s .  T h e s e  g r o u p i n g s ,  a s  f a m i l i e s ,  
h a v e  i n  common t h e  f o l l o w i n g :  
D e s i g n  R u l e s  
M a n u f a c t u r i n g  P r o c e s s e s  
Mode o f  O p e r a t i o n  
L e v e l  o f  p o w e r  d i s s i p a t i o n  o r  a p p l i e d  v o l t a g e  
The  f a m i l y  g r o u p i n g s  i n c l u d e  t h e  f o l l o w i n g :  
1. D i o d e - T r a n s  i s  t o r  L o g i c  (DTL) 
2 .  R e s i s t o r  T r a n s i s t o r  L o g i c  (RTL) 
a .  M i l l i w a t t  RTL (mWRTL) 
b ,  M i l l i w a t t  111 (mW3) 
c .  S u p e r  RTL (SRTL) 
3 .  T r a n s i s t o r  - T r a n s i s t o r  L o g i c  (TTL) 
T h e  t h r e e  f a m i l i e s  a r e  t h e  ' g r o u p s '  w h i c h  P h i l c o - F o r d  
u s e d  f o r  t h e  e v a l u a t i o n  o f  t h e  q u a l i f i c a t i o n  t e s t  p r o g r a m .  
T h e  d e v i c e s  s e l e c t e d  t o  r e p r e s e n t  a  g i v e n  f a m i l y  w e r e  
c h o s e n  t o  r e f l e c t  a  w i d e  r a n g e  o f  f a c t o r s  p e r t i n e n t  t o  
r e l i a b i l i t y .  F o r  e x a m p l e ,  d e v i c e s  w e r e  s e l e c t e d  w h i c h  
o p e r a t e  w i t h  t h e  h i g h e s t  c u r r e n t  d e n s i t i e s  i n  t h e  m e t a l  
p a t t e r n s ,  r e s i s t o r s ,  d i o d e s  o r  t r a n s i s t o r s  o r  w h i c h  
r e p r e s e n t  a n y  u n u s u a l  d e s i g n  f e a t u r e .  
I n  k e e p i n g  w i t h  t h e  i d e a  o f  d e v e l o p i n g  a n  e f f e c t i v e  b u t  
e c o n o m i c a l  q u a l i f i c a t i o n  p r o g r a m ,  P h i l c o - F o r d  u s e d  
r e p r e s e n t a t i v e  p a c k a g e s  f o r  e a c h  g r o u p .  
S i n c e  d e f e c t s  d u e  t o  p a c k a g i n g  a r e  e a s i l y  a n a l y z e d  as 
s u c h ,  i t  d i d  n o t  a p p e a r  n e c e s s a r y  t o  r u n  p a r a l l e l  t e s t s  
on a  g r o u p  w h i c h  d i f f e r e d  o n l y  i n  p a c k a g e  c o n f i g u r a t i o n .  
E a c h  g r o u p  w a s  a s s i g n e d  a  s p e c i f i c  p a c k a g e .  F o r  t h i s  
s t u d y ,  t h i s  w a s  t h e  p a c k a g e  i n  w h i c h  t h e  d e v i c e  i s  m o s t  
g e n e r a l l y  m a n u f a c t u r e d  a t  P h i l c o - F o r d .  
T h e  d e v i c e s  s e l e c t e d  a r e  l i s t e d  i n  T a b l e  2 . 1 .  A 1 1  
d e v i c e s  c o n f o r m  t o  t h e  f o l l o w i n g  f a b r i c a t i o n  c a t e g o r i e s :  
F a b r i c a t i o n :  
D o u b l e  D i f f u s e d  
S i n g l e  E p i t a x i a l  
D i f f u s e d  B u r i e d  L a y e r  
D e s c r i p t i o n :  
Low v o l t a g e ,  h i g h  s p e e d ,  
s a t u r a t e d  s w i t c h i n g ,  
g o l d  d o p e d  c i r c u i t s  
T r a n s i s t o r s  : 
B i - P o l a r  
M e t a l l i c  S y s t e m :  
D i e  M e t a l l i z a t i o n :  Aluminum A l u m i n u m  
Wire L e a d s :  A l u m i n u m  Aluminum 
P a c k a g e  B o n d i n g  P a d :  A l u m i n i z e d  G o l d  P l a t e d  
P o s t  
T a b l e  2 . 1  - DEVICE SELECTION a n d  GROUPING 
Glass T o t a l  
F a m i l y  D e v i c e  F u n c t i o n  P a c k a g e  P a s s i v a t e d  S a m p l e  
DTL P L 9 9 3 2  B u f f e r  TO -86 
P L 9 9 4 5  R S / J K  F l i p  F l o p  " C e r p a c  
P L 9 9 6 2  T r i p l e  3 - I n p u t  G a t e  Y e s  3  1 5  
mW RTL P L 9 9 0 9  G a t e  
P L 9 9 1 0  D u a l  2 - I n p u t  G a t e  T O  -5 No 3  1 5  
P L 9 9 1 3  R e g i s t e r  
TTL PD9624  J / K  F l i p  F l o p  TO-116 
PD9625  S i n g l e  8 - I n p u t  G a t e  ? \ & C e r d i p  No 2  1 0  
? k C e r p a c :  C e r a m i c  F l a t  P a c k a g e  
A * C e r d i p :  C e r a m i c  D u a l - I n - L i n e  
2 . 2  P r o c u r e m e n t  o f  t h e  T e s t  V e h i c l e s  
One h u n d r e d  a n d  f i v e  d e v i c e s ,  e a c h  o f  e i g h t  t y p e s  f r o m  
t h e  t h r e e  g e n e r a l  p r o d u c t  l i n e s  o r  f a m i l i e s  w e r e  p r o c u r e d  
w i t h i n  t h e  P h i l c o - F o r d  M i c r o e l e c t r o n i c s  D i v i s i o n .  T h e  
d e v i c e s  w e r e  s t a n d a r d  p r o d u c t i o n  t h r o u g h  t h e  s e a l i n g  
o p e r a t i o n ,  b u t  t h e  n o r m a l  p r e c o n d i t i o n i n g  p r o c e d u r e  w a s  
e l i m i n a t e d  t o  p r o v i d e  " r a w "  d e v i c e s  f o r  e v a l u a t i o n .  
T h e  p u r p o s e  o f  u s i n g  " r a w "  d e v i c e s  w a s  t o  o b t a i n  a 
r e p r e s e n t a t i v e  s a m p l e  o f  t h e  p r o d u c t  l i n e  s o  t h a t  t h e  
d a t a  g e n e r a t e d  w o u l d  r e s u l t  i n  u n b i a s e d  f a i l u r e  d i s t r i -  
b u t i o n s .  H o w e v e r ,  t h e  n o r m a l  25OC e l e c t r i c a l  c h a r a c -  
t e r i s t i c s  t e s t s  a n d  h e r m i t i c i t y  t e s t s  w e r e  p e r f o r m e d  
t o  i n s u r e  i n i t i a l l y  g o o d  d e v i c e s  a n d  r e m o v e  a n y  e f f e c t s  
d u e  t o  l e a k e r s ,  r e s p e c C i v e l y  . 
2 . 3  T e s t  V e h i c l e  T r a c e a b i l i t y  
T h e  t e s t  v e h i c l e s  w e r e  b r a n d e d  w i t h  t h e  n o r m a l  P h i l c o -  
F o r d  i d e n t i f i c a t i o n  a n d  t h e  s e a l  c o d e  as  g i v e n  i n  
T a b l e  2 . 2 .  
T a b l e  2 . 2  - DEVICE TYPE IDENTIFICATION 
E l e c t r i c a l  
TY p e  S p e c i f i c a t i o n  - 
PL9909  u 7 2 1 9  
P L 9 9 1 0  u 7 2 2 0  
P L 9 9 1 3  u 7 0 3 2  
P L 9 9 3 2  u7 3  30 
P L 9 9 4 5  u 7 3 3 2  
P L 9 9 6 2  u 7 3 7 4  
PD9624 ~ 7 9 3 8  
PD9625 u 7 9 4 2  
S e a l  Code  
A s e l e c t e d  n u m b e r  o f  t e s t  v e h i c l e s  f r o m  e i g h t  t y p e s  w a s  
s u b j e c t e d  t o  e a c h  o f  t h e  p a r t i c u l a r  s t e p - s t r e s s  t e s t s .  
E l e c t r i c a l  c h a r a c t e r i s  t i c s  t e s t s  w e r e  p e r f o r m e d  
i n i t i a l l y  a n d  a f t e r  e a c h  s t r e s s  l e v e l  f o r  e a c h  o f  t h e  
s e v e n  s t r e s s  t e s t s .  Herme t i c i t y  t e s t s  were a l s o  
p e r f o r m e d  a t  t h e  s a m e  i n t e r v a l s  f o r  t w o  o f  t h e  s e v e n  
s t r e s s  t e s t s .  
E a c h  d e v i c e  w a s  s e r i a l i z e d  a n d  t h e  s a m e  b l o c k  o f  
n u m b e r s  u s e d  f o r  a  p a r t i c u l a r  s t r e s s  t e s t  a s  g i v e n  i n  
T a b l e  2 . 3 .  T h i s  s e r v e s  t o  e a s i l y  i d e n t i f y  t h e  
p a r t i c u l a r  d e v i c e  w i t h  a  g i v e n  s t r e s s  t e s t .  
TABLE 2 . 3  - S E R I A L  NUMBERS a n d  S T R E S S  T E S T S  
S t r e s s  T e s t  S e r i a l  N u m b e r s  
S t o r a g e  L i f e  
O p e r a t i n g  L i f e  
R e v e r s e  B i a s  
C o n s t a n t  A c c e l e r a t i o n  
P n e u p a c t o r  S h o c k  
T h e r m a l  S h o c k  
L e a d  F a t i g u e  
SECTION I11 
DISCUSSION OF THE FAILURE MODES 
SUMMARY OF FAILURE MODES 
A l l  f a i l u r e s  a r e  t a b u l a t e d  i n  S e c t i o n  I V .  
3 . 1  - E l e v a t e d  T e m p e r a t u r e  S t o r a g e  L i f e  
3  . l .  1 G e n e r a l  D i s c u s s i o n :  
h e  24  h o u r  p e r  s t e p  s t r e s s  t e m p e r a t u r e  s t o r a g e  
r o d u c e d  t h e  g r e a t e s t  n u m b e r  o f  c a t a s t r o p h i c  a n d  
e g r a d a t i o n  f a i l u r e s .  S e e  T a i l e  4 . 1  a n d  4 . 4  i n  
S e c t i o n  I V .  T a b l e  4 . 4  i n d i c a t e s  t h a t  a  d e g r a d a t i o n  
t y p e  f a i l u r e  i s  a u s e f u l  i n d i c a t i o n  o f  t h e  l e v e l  o f  
r e l i a b i l i t y  b e c a u s e  i t  o c c u r s  a t  a n  e a r l y  p o i n t  i n  
t h e  s t r e s s  t e s t i n g .  T h e  c a t a s t r o p h i c  t y p e  c a n  a l s o  
o c c u r  e a r l y  e s p e c i a l l y  when  i t  i s  o f  a n  i n t e r m i t t e n t  
n a t u r e  s u c h  a s  c o u l d  b e  t h e  c a s e  f o r  a p i n h o l e  
i n  t h e  o x i d e .  
A s  e x p e c t e d ,  t h e  m a j o r i t y  o f  f a i l u r e s  o c c u r r e d  a t  
t h e  h i g h e r  t e m p e r a t u r e  l e v e l s  ( a b o v e  3 7 5 ' ~ )  w h e r e  
d e v i c e  d e s t r u c t i o n  b e c a m e  e v i d e n t .  
3 . 1 . 2  F a i l u r e  Modes : 
T h e  f a i l u r e  m o d e s  a r e  s u m m a r i z e d  i n  T a b l e  4 . 8 ,  
S e c t i o n  I V .  
T h e  f a i l u r e  modes  t h a t  o c c u r r e d  a t  t h e  i n t e r m e d i a t e  
t e m p e r a t u r e s  i n c l u d e d  b o n d  s e p a r a t i o n s  a t  > 3 0 0 ° c  a t  t h e  
Au-A1 i n t e r f a c e .  D e v i c e  e x t e r n a l  l e a d  o x i d a t i o n  
a l s o  o c c u r r e d  a s  l o w  a s  275OC a n d  a l s o  a t  t h e  3 0 0 ° C  
a n d  4 0 0 ° C  s t e p s  o n  t i n n e d  K o v a r  l e a d  d e v i c e s .  A l l  
t y p e s  o f  l e a d s  a r e  n o r m a l l y  c l e a n e d  p r i o r  t o  
e l e c t r i c a l  t e s t  t o  r e m o v e  a n y  o x i d e s  t h a t  may h a v e  
f o r m e d .  S e v e r a l  d e v i c e s  w i t h  t i n n e d  l e a d s  w e r e  
r e m o v e d  a s  e l e c t r i c a l  c a t a s t r o p h i c  f a i l u r e s .  I t  
w a s  l a t e r  d e t e r m i n e d  ( d u r i n g  f a i l u r e  a n a l y s i s )  t h a t  
a l t h o u g h  c l e a n e d ,  t h e s e  d e v i c e s  h a d  m o r e  t h a n  n o r m a l  
o x i d a t i o n  ( d u e  t o  t h e  h i g h  t e m p e r a t u r e s ) .  F o l l o w i n g  
s u b s e q u e n t  t e s t i n g ,  d e v i c e s  w e r e  c h e m i c a l l y ,  as w e l l  
a s  m e c h a n i c a l l y ,  c l e a n e d  t o  i n s u r e  l o w  c o n t a c t  
r e s i s t a n c e  a t  l e a d s .  
A t  h i g h  t e m p e r a t u r e s  Au-A1 compound  f o r m a t i o n  a p p e a r s  
m o r e  r e a d i l y  a t  t h e  TO-5 d e v i c e  p o s t  b o n d s  a s  w e l l  a s  
s o m e  e v i d e n c e  o f  d i o d e  d e g r a d a t i o n  w i t h i n  t h e  d i e  
s t r u c t u r e .  A t  t h e  h i g h  e n d  o f  t h e  t e m p e r a t u r e  
r a n g e  d e v i c e  d e s t r u c t i o n  o c c u r s  i n  t h e  f o r m  o f  
s e a l  f r i t  s o f t e n i n g  ( C e r p a c  a n d  C e r d i p ) ,  a n d  h e a d e r  
b o n d  s e p a r a t i o n  (TO-5) . T h e  h e a d e r  b o n d  s e p a r a t i o n  
(TO-5) o c c u r s  s i m p l y  d u e  t o  t h e  e x c e e d i n g  o f  t h e  
AU-Si  e u t e c t i c  t e m p e r a t u r e  f o l l o w e d  b y  l i f t i n g  o f  
t h e  c h i p .  ( A l l  t h e  T O - 5 ' s  w e r e  s t o r e d  f o r  s t r e s s  
i n  t r a y s  v e r t i c a l l y ,  l e a d s  d o w n ) .  B o t h  P L 9 9 0 9  
a n d  P L 9 9 1 3  h a d  a p p r o x i m a t e l y  5 0 %  o f  d e v i c e s  f a i l  
f o r  h e a d e r  b o n d  s e p a r a t i o n .  
T h e  s o f t e n i n g  o f  t h e  s e a l  f r i t  a n d  s u b s e q u e n t  
u n c o n t r o l l e d  r e h a r d e n i n g  d o e s  a p p l y  m e c h a n i c a l  
s t r e s s e s  t o  t h e  l e a d  w i r e s  w h i c h  c a n  c a u s e  b o n d  
s e p a r a t i o n  o r  w i r e  b r e a k a g e .  W h e t h e r  o r  n o t  t h e  
s e p a r a t i o n  o r  b r e a k a g e  o c c u r s  i s  a f u n c t i o n  o f  t h e  
e x t e n t  t o  w h i c h  t h e  l e a d  w i r e s  a r e  e n c a s e d  b y  t h e  
g l a s s  s e a l i n g  f r i t .  
3 . 2  O p e r a t i n g  L i f e  a t  E l e v a t e d  T e m p e r a t u r e  
3 . 2 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  125OC s t e p - s  t r e s s  o p e r a t i n g  l i f e  t e s t  w a s  
c o n d u c t e d  a t  i n c r e a s i n g  l e v e l s  o f  d i s s i p a t i o n  f r o m  
2 0 0  t o  1 0 0 0  m i l l i w a t t s  i n  1 0 0  m i l l i w a t t  s t e p s .  T h e  
f i r s t  c a t a s t r o p h i c  f a i l u r e  o c c u r r e d  a t  t h e  7 0 0  
m i l l i w a t t  s t r e s s  s t e p  - see  T a b l e  4 . 5 .  As i n  t h e  
c a s e  o f  s t o r a g e  l i f e ,  t h e  d e g r a d a t i o n  t y p e  f a i l u r e  
i s  a  s e n s i t i v e  i n d i c a t i o n  o f  r e l i a b i l i t y .  T h e  t a b l e  
a l s o  i n d i c a t e s  t h a t  t h e r e  w e r e  n o  f a i l u r e s  o f  e i t h e r  
t y p e  f o r  t h e  mWRTL f a m i l y .  T h i s  i s  d u e  t o  l a r g e r  
b a s e  w i d t h s ,  d e e p e r  d i f f u s i o n s  a n d  h i g h e r  v o l t a g e  
i s o l a t i o n  d i o d e s  t h a n  i s  c h a r a c t e r i s t i c  o f  t h e  o t h e r  
f a m i l i e s .  H i g h  p o w e r  s t r e s s  t e s t i n g  f o r  l o n g e r  
t i m e s  w o u l d  b e  n e c e s s a r y  t o  g e n e r a t e  f a i l u r e s  f o r  
t h i s  f a m i l y .  
3 . 2  .2  F a i l u r e  Modes : 
A t  700  m i l . l i w a t t s  t h e  f a i l u r e  mode f o r  t h e  t w o  
PD9625 d e v i c e s  w a s  s h o r t e d  j u n c t i o n s  d u e  t o  m e t a l  
m i g r a t i n g  a l o n g  s i n g l e  c r y s t a l  p l a n e s  a t  t h e  
S i  - S i 0 2  i n t e r f a c e .  M i s a l i g n e d  c o n t a c t  c u t s  
w h i c h  p l a c e d  A1-Si c o n t a c t s  c l o s e r  t o  d i f f u s e d  
j u n c t i o n s  t h a n  t h e  d e s i g n  a l l o w a n c e ,  may h a v e  
h e l p e d  c a u s e  t h e  f a i l u r e  when  e l e c t r i c a l  s t r e s s  
w a s  a p p l i e d .  
A t  9 0 0  m i l l i w a t t s ,  o p e n  m e t a l l i z a t i o n  o c c u r r e d  i n  
t h e  P D 9 6 2 5 ' s .  G r a i n  b o u n d a r y  f o r m a t i o n  a n d  e l e c t r o -  
m i g r a t i o n  o f  a l u m i n u m  d u e  t o  d e v i c e  t e m p e r a t u r e  a t  
t h i s  d i s s i p a t i o n  were f a c t o r s  c o n t r i b u t i n g  t o  t h e  
f a i l u r e s .  
3 . 3  R e v e r s e  B i a s  a t  E l e v a t e d  T e m p e r a t u r e  
3 . 3 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  s t e p  t e m p e r a t u r e  s t r e s s  r e v e r s e  b i a s  ( a t  r a t e d  
v o l t a g e )  t e s t  d i d  n o t  g e n e r a t e  a n y  c a t a s t r o p h i c  
f a i l u r e s .  H o w e v e r ,  t h r e e  P L 9 9 6 2 ' s  d i d  d e g r a d e  
o u t s i d e  t h e  i n i t i a l  l i m i t s  f o r  IRB2 a t  t h e  1 5 0 ° C  
o r  f i n a l  s t e p .  ( S e e  T a b l e  4  . 7 ,  S e c t i o n  I V )  . 
3 . 4  C o n s t a n t  A c c e l e r a t i o n ,  Y 1  P l a n e  
3 . 4 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  s t e p  s t r e s s  c o n s t a n t  a c c e l e r a t i o n  t e s t  i n  t h e  
Y 1  p l a n e  d i d  n o t  g e n e r a t e  a n y  c a t a s t r o p h i c  f a i l u r e s .  
One PL9932  d i d  d e g r a d e  o u t s i d e  t h e  i n i t i a l  l i m i t  
f o r  I R D .  ( S e e  T a b l e  4 . 6 ,  S e c t i o n  IV)  . 
3 . 5  P n e u p a c t o r  S h o c k ,  Y ,  P l a n e  
3 . 5 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  s t e p - s t r e s s  p n e u p a c t o r  s h o c k  t e s t  i n  t h e  Y 1  
p l a n e  d i d  n o t  g e n e r a t e  a n y  c a t a s t r o p h i c  e l e c t r i c a l  
f a i l u r e s .  I t  d i d  g e n e r a t e  p a c k a g e  f a i l u r e s  a t  t h e  
h i g h e r  G l e v e l s  i n d i c a t i n g  t h a t  t h e  p a c k a g e s  
r e q u i r e  e x t e n s i v e  p r o t e c t i o n  t o  a v o i d  d e f o r m a t i o n  
o r  b e n d i n g  s t r e s s e s  o r  m u l t i p l e ,  u n c o n t r o l l e d  s h o c k s  
d u e  t o  r e a c t i o n s  a t  h i g h  G l e v e l s  o f  s h o r t  d u r a t i o n .  
( S e e  T a b l e  4 . 6 ,  S e c t i o n  I V )  . 
3 . 6  - T h e r m a l  S h o c k ,  - 6 5 ° C  t o  + 2 0 0 ° C  
3 . 6 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  s t e p - s t r e s s  t h e r m a l  s h o c k  t e s t  c o n s i s t i n g  o f  
20 c y c l e  s t e p s  f r o m  -65°C t o  + 2 0 0 ° C  d i d  n o t  g e n e r a t e  
a n y  c a t a s t r o p h i c  e l e c t r i c a l  f a i l u r e s .  One d e v i c e ,  
a  PD9624 d e g r a d e d  f o r  IF .  A l s o  a  PL9945  d r i f t e d  
o u t s i d e  t h e  i n i t i a l  l i m i t  f o r  V O H  f o r  t h e  t h i r d  
r e a d i n g  ( S e e  T a b l e  4 . 7 ,  S e c t i o n  I V )  . 
L e a k  t e s t i n g ,  b o t h  H e l i u m  f i n e  a n d  F l u o r o c a r b o n  
i n d i c a t e d  a  v a r y i n g  n u m b e r  o f  o b s e r v e d  l e a k  r a t e s  
f o r  s e v e r a l  d e v i c e s  a t  e a c h  t h e r m a l  s t r e s s  s t e p .  
( S e e  T a b l e  4 . 2 ,  S e c t i o n  I V )  . 
A l l  t h e  o b s e r v e d  f i n e  l e a k e r s  f r o m  t h e  t h e r m a l  
s h o c k  s t r e s s  t e s t  h a d  r e a d i n g s  n e a r  1 x 1 0 - 8  ATM 
c m 3 / s e c  a n d  a r e  u n d o u b t e d l y  n o t  b o n a f i d e  l e a k e r s .  
T h e  H e l i u m  d e t e c t e d  w a s  p r o b a b l y  e n t r a p p e d  by t h e  
s i l i c o n  o i l  u s e d  i n  t h i s  t e s t ,  w h i c h  h a d  b e c o m e  
o c c l u d e d  i n  p o r e s ,  c r e v i c e s ,  a n d  o t h e r  i r r e g u l a r -  
i t i e s .  T h i s  s a m e  o c c l u d e d  o i l  c a n  a l s o  s e r v e  t o  
e n t r a p  F l u o r o c a r b o n  t h a t  t h a t  may a p p e a r  d u r i n g  
t h e  d e t e c t i o n  p r o c e d u r e .  N o r m a l l y  s u i t a b l e  c l e a n -  
i n g  t e c h n i q u e s  a r e  n o t  a d e q u a t e  a f t e r  many r e p e a t e d  
i m m e r s i o n s  i n  t h e  o i l .  
No d e v i c e  w a s  r e m o v e d  f r o m  a n y  t e s t  f o r  s e v e r a l  
r e a s o n s .  F i r s t ,  t h e r e  w a s  n o  p r o g r a m  c r i t e r i a  f o r  
r e m o v a l  o f  d e t e c t e d  l e a k e r s .  S e c o n d l y ,  o n l y  o n e  
d e v i c e  e x c e e d e d  3 . 6  x 1 0 - 8  ATM c m 3 / s e c  f o r  H e l i u m  
f i n e  l e a k ,  a l t h o u g h  a  f e w  o f  t h e s e  d e v i c e s  e m a n a t e d  
b u b b l e s  d u r i n g  t h e  F l u o r o c a r b o n  g r o s s  t e s t .  F i n a l l y ,  
i t  w a s  d e c i d e d  t h a t  m o r e  i n f o r m a t i o n  c o u l d  b e  o b -  
t a i n e d  b y  s u b j e c t i n g  t h e s e  d e v i c e s  t o  f u r t h e r  s t r e s s  
t e s t i n g  b e c a u s e  n o n e  h a d  f a i l e d  t h e  p r o g r a m ' s  
e l e c t r i c a l  c r i t e r i a .  
A s e l e c t e d  n u m b e r  o f  t h e s e  d e v i c e s  i n c l u d i n g  a l l  
t h e  a p p a r e n t  g r o s s  l e a k e r s  w e r e  s u b j e c t e d  t o  t h e  
p e n e t r a n t  d y e  t e s t  a s  a  v e r i f i c a t i o n  m e a s u r e .  None  
o f  t h e  d e v i c e s  s u b j e c t e d  t o  t h i s  t e s t  r e v e a l e d  a n y  
e v i d e n c e  o f  t h e  d y e  i n t e r n a l l y  f o r  e i t h e r  t y p e  o f  
f a i l u r e .  T h i s  c . o n f i r m e d  t h a t  b o t h  t h e  F l u o r o c a r b o n  
a n d  H e l i u m  d e t e c t e d  w e r e  e n t r a p p e d  o r  o c c l u d e d  i n  
t h e  d e v i c e  s u r f a c e .  
3 . 7  L e a d  F a t i g u e  
3 . 7 . 1  G e n e r a l  D i s c u s s i o n :  
T h e  s t e p  s t r e s s  l e a d  f a t i g u e  c o n s i s t e d  o f  l e a d  b e n d -  
i n g  e a c h  d e v i c e  l e a d  t o  f a i l u r e .  T h e  d a t a ,  T a b l e  4 . 3 ,  
S e c t i o n  I V ,  i n d i c a t e s  a  m a r k e d  d i f f e r e n c e  f o r  t h e  TO-5 
f a m i l y  i n  t h e  n u m b e r  o f  b e n d s  t o  f a i l u r e .  T h i s  i s  
p r o b a b l y  d u e  t o  l o t  v a r i a t i o n  i n  t h e  TO-5 h e a d e r .  
T h e  l e a k  t e s t  p o r t i o n  o f  t h e  p r o c e d u r e  p r o v e d  t o  b e  
i n c o n c l u s i v e  s i n c e  t h e  n u m b e r  o f  f a i l u r e s  v a r i e d  a t  
e a c h  s t a g e ,  a s  i n  t h e  c a s e  o f  t h e r m a l  s h o c k ,  
p a r a g r a p h  3 . 6 . 1 .  
O v e r a l l  D i s c u s s i o n :  
T h e  d a t a  d o e s  s h o w  c l e a r l y  how f a r  o n e  c a n  g o  i n  a  s t r e s s -  
t o - f a i l u r e  p r o g r a m  w i t h  i n c r e a s i n g  l e v e l s  o f  s t r e s s  a n d  
s t i l l  g e n e r a t e  m e a n i n g f u l  f a i l u r e s .  E v e n  t h o u g h  m e a n i n g -  
f u l  f a i l u r e s  w e r e  n o t  g e n e r a t e d  i n  s o m e  o f  t h e  t e s t  g r o u p s ,  
t h e  s t r e s s  l e v e l s  a c h i e v e d  a r e  s t i l l  o n e s  w h i c h  c o u l d  h a v e  
b e e n  m e a n i n g f u l  h a d  s e r i o u s  r e l i a b i l i t y  h a z a r d s  e x i s t e d  
i n  t h e  t e s t  v e h i c l e s  a n d  d o e s  n o t  i m p l y  t h a t  a  p a r t i c u l a r  
s t r e s s  t e s t  i s  n o t  u s e f u l .  The  q u a l i t y  o f  t h e  t e s t  v e h i c l e ,  
a s  d e v e l o p e d  t h r o u g h  c o r r e c t i v e  a c t i o n s  r e s u l t i n g  f r o m  
s i m i l a r  s e v e r e  s t r e s s  t e s t i n g ,  m u s t  b e  c o n s i d e r e d  w h e n  
a s s e s s i n g  t h e  v a l u e  o f  t h e  p a r t i c u l a r  e n v i r o n m e n t s  u s e d  
i n  t h e  p r o g r a m .  T e s t i n g  o f  c o m p e t i t i v e  t y p e s  u n d e r  t h e  
s a m e  c o n d i t i o n s  may b e  o f  v a l u e  f o r  f u r t h e r  a s s e s s m e n t  o f  
t h e  p r o c e d u r e .  
F r o m  t h e  d a t a  g e n e r a t e d  i n  t h e  p r o g r a m  i t  w i l l  b e  p o s s i b l e  
f o r  NASA-LRC t o :  
a .  Draw c o n c l u s i o n s  a b o u t  t h e  r e l i a b i l i t y  o f  t h e  
d e v i c e s  t e s t e d .  
b .  D e s i g n  a  p r a c t i c a l  s t r e s s - t o - f a i l u r e  t e s t  p r o g r a m  
f o r  s h o r t  t i m e  p r o d u c t  e v a l u a t i o n  t h a t  w o u l d  
s e r v e  t o  m o n i t o r  s h i f t s  i n  d e v i c e  q u a l i t y  a s  w e l l  
as  t o  a c t u a l l y  a s s e s s  d e v i c e  q u a l i t y ,  e s p e c i a l l y  
i f  s u p p l e m e n t e d  b y  a  l e s s  f r e q u e n t  b u t  l a r g e r  
s c a l e  t e s t i n g  a t  c l o s e r  t o  maximum r a t e d  s t r e s s  
l e v e l s .  
c .  C o m p a r e  t h e  P h i l c o - F o r d  d e s i g n s  w i t h  e q u i v a l e n t  
d e s i g n s  o f  o t h e r  v e n d o r s  t o  h e l p  d e t e r m i n e  t h e  
v a l u e  o f  t h i s  t y p e  o f  t e s t  p r o g r a m  a s  a  
q u a l i f i c a t i o n  c o n c e p t .  
SECTION I V  
SUMMARY O F  FAILURES GENERATED 
T h e  f o l l o w i n g  t a b l e s  s u m m a r i z e  t h e  t e s t  r e s u l t s  a s  
f o l _ l o w s  : 
T a b l e  4 . 1  l i s t s  t h e  s e r i a l  n u m b e r s  o f  t h e  c a t a s t r o p h i c  
e l e c t r i c a l  f a i l u r e s ,  b y  s t r e s s  t e s t  a n d  d e v i c e  t y p e .  
I t  a l s o  g i v e s  t h e  f a i l u r e  mode a n d  t h e  s e r i a l  n u m b e r  
o f  t h e  f a i l u r e  a n a l y s e s  t h a t  w e r e  s u b m i t t e d  w i t h  t h e  
i n t e r i m  r e p o r t s .  
T a b l e  4 . 2  l i s t s  t h e  l e a k  t e s t  f a i l u r e s  b y  t y p e  t h a t  w e r e  
d e t e c t e d  a t  t h e  t h e r m a l  s h o c k  s t r e s s  s t e p  i n t e r v a l s  f o r  
b o t h  h e l i u m  a n d  g r o s s  l e a k  t e s t s .  
T a b l e  4 . 3  l i s t s  t h e  n u m b e r  o f  l e a d  f a i l u r e s  a t  t h e  l e a d  
f a t i g u e  s t r e s s  t e s t  i n t e r v a l s  a s  w e l l  a s  t h e  n u m b e r  o f  
l e a k e r s  t h a t  w e r e  d e t e c t e d .  
T a b l e  4 . 4  s u m m a r i z e s  t h e  n u m b e r  o f  e l e c t r i c a l  a n d  
d e g r a d a t i o n  f a i l u r e s  t h a t  o c c u r r e d  a t  e a c h  l e v e l  o f  
t h e  s t o r a g e  l i f e  s t r e s s  t e s t  f o r  e a c h  d e v i c e  t y p e .  
T a b l e  4 . 5  s e r v e s  t h e  s a m e  p u r p o s e  a s  t a b l e  4 . 4  f o r  t h e  
o p e r a t i n g  l i f e  s t r e s s  t e s t .  
T a b l e  4 . 6  s e r v e s  t h e  s a m e  p u r p o s e  a s  t a b l e  4 . 4  f o r  t h e  
c o n s t a n t  a c c e l e r a t i o n  a n d  p n e u p a c t o r  s t r e s s  t e s t s .  
T a b l e  4  . 7  s u m m a r i z e s  t h e  n u m b e r  o f  e l e c t r i c a l  d e g r a d a -  
t i o n  f a i l u r e s  f o r  e a c h  d e v i c e  t y p e  t h a t  o c c u r r e d  a t  
e a c h  l e v e l  o f  t h e  t h e r m a l  s h o c k  a n d  r e v e r s e  b i a s  t e s t s .  
T h e r e  w e r e  n o  c a t a s t r o p h i c  f a i l u r e s .  
T a b l e  4 . 8  s u m m a r i z e s  t h e  f a i l u r e  m o d e s  a s  d e t e r m i n e d  
t h r o u g h  a n a l y s i s  o f  t h e  c a t a s t r o p h i c  e l e c t r i c a l  
f a i l u r e s .  
STRESS 
TEST 
S t o r a g e  
L i f e  
2 4  h o u r s  
p e r  s t e p  
TEST 
CONDITIONS 
T a b l e  4 . 1  - 
TESTED 
:ASTROPHIC FAILURES, ELECTRICAL 
SERIAL 
TYPE 
TEST 
I i 
FAILURE MODE 
i 
P i n h o l e  i n  O x i d e  
O x i d i z e d  D e v i c e  L e a d s  
P o s t  Bond  S e p a r a t i o n  
O x i d i z e d  d e v i c e  l e a d s  
Au-A1 f o r m a t i o n  a t  p o s t  
O x i d i z e d  d e v i c e  l e a d s  
O x i d i z e d  d e v i c e  l e a d s  
Au-A1 f o r m a t i o n  a t  p o s t  
D i o d e  d e g r a d a t i o n  
P o s t  b o n d  s e p a r a t i o n  
P o s t  a n d  c h i p  t o  
h e a d e r  b o n d  s e p a r a t i o n  
P o s t  a n d  c h i p  t o  1 9-008 '3  I 
D i o d e  d e g r a d a t i o n  
S e a l  F r i t  s o f t e n e d  ( A )  
9 - 0 0 8 5  
9 - 0 0 9 8  
h e a d e r  b o n d  s e p a r a t i o n  , 
S e a l  F r i t  s o i t e n e d  (A)  / 9 - 0 0 9 0  1 
h e a d e r  b o n d  s e p a r a t i o n  
S e a l  F r i t  s o f t e n e d  ( A )  
P o s t  a n d  c h i p  t o  
9 - 0 0 8 3  
9 - 0 0 8 9  
P o s t  Bond  s e p a r a t i o n  9 - 0 0 8 7  
S T R E S S  
T E S T  
O p e r a t i n g  
L i f e  a t  
1 2 5  O C  
2 4  h r s f s t e p  
R e v e r s e  B i a  
- 
a t  m a x . r a t e  
v o l t a g e  
1 2 0 0  h r s / s t e  
C o n s t a n t  
A c c e l e r a -  
t i o n  
Y I  P l a n e  
( A )  R e h a r d e n i n g  o f  s e a l i n g  f r i t  c a u s e d  p o s t  b o n d  s e p a r a t i o n s .  
( B )  C u r r e n t  " r u n a w a y "  d u r i n g  s e t u p  
(C)  F a i l u r e  Mode - P n e u p a c t o r  S h o c k :  P a c k a g e  d a m a g e  - f i x t u r e  d e s i g n  i n a d e q u a t e  f o r  h i g h  
n u m b e r  o f  b l o w s  a n d  c o n s e c u t i v e  t e s t i n g  a t  h i g h  "G" 
l e v e l s .  N o t  a  d e v i c e  f a i l u r e .  
T a b l e  4 . 1  - CATASTROPHIC FAILURES, ELECTRICAL TEST ( ~ o n t ' d )  
(D) T e s t i n g  on TO-5 a n d  C e r d i p  P a c k a g e d  d e v i c e s  w a s  t e r m i n a t e d  a t  t h e  8 0  KG l e v e l  d u e  t o  
m i s s i l e  b r e a k a g e .  Some o f  t h e s e  d e v i c e s  h a d  b e e n  s u b j e c t e d  t o  
t h e  8 0  K G  l e v e l  b e f o r e  m i s s i l e  b r e a k a g e  o c c u r r e d .  
P a c k a g e  d a m a g e  
F i x t u r e  P r o b l e m  (C) 
C u m u l a t i v e  
FAILURE MODE 
F i x t u r e  P r o b l e m :  F l e x t u r e  
o f  TO-5 p a c k a g e  r e s u l t i n g  
i n  d a m a g e  t o  c h i p  (C)  
SERIAL 
TYPE N O .  
u 7 0 3 2  P L 9 9 1 3  8 2  
FAR N O .  
9 - 0 0 3 9  
N O .  
F A I L E D  
0  
0  
1 
No. 
T e s t e a  
1 2 0  
1 2 0  
1 2 0  
STRESS 
TEST 
P n e u p a c  t o r  
S h o c k  
Y I  P l a n e  
T e s t  Con- 
d i t i o n s  
20KG 
40KG 
60KG 
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T a b l e  4 . 5  - SUMMARY OF CATASTROPHIC (C)  AND DEGRADATION (D) FAILURES 
STEP STRESS, 125'C OPERATING LIFE - 2 4  H o u r s  p e r  S t e p  
( a )  T o t a l  d e v i c e s  o u t  of  t e s t  l i m i t s  a t  t e s t  c o n c l u s i o n .  
* B  B u r n o u t  d u r i n g  s e t u p .  ( I n c l u d e s  o n e  m e c h a n i c a l  damage )  
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T a b l e  4 . 7  - SUMKAR't' OF 3EGRADATION FAILURES * 
1. T h e r m a l  S h o c k  a n d  2 .  R e v e r s e  B i a s  T e s t s  
1. T h e r m a l  S h o c k :  -65OC 5  M i n . ,  + 2 5 " C  3 s e c . ,  +20O0C 5  m i n .  p e r  c y c l e  
No. T h e r m a l  C y c l e s  2 0  4 0  6 0  8 0  1 0  0 1 2 0  1 4 0  1 6 0  1 8 0  2 0 0  
I I 
T o t a l  
TYPE 
CERPAC 
P h j 9 3 2  
PL99 45 
P L 9 9 6 2  
TO-5 
P L 9 9 0 9  
P L 9 9 1 0  
P L 9 9 1 3  
CERDIP 
PD9624  
PD9625  
2 .  R e v e r s e  Bias  a t  maximum r a t e d  v o l t a g e  - 2 0 0  h o u r s  p e r  s t e p  
T e m p e r a t u r e  OC: ) 7 5  1 0 0  1 2 5  1 5 0  1 T o t a l ( a  
I 
T y p e  I No. o f  I I I 
No. o f  
D e v i c e s  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
0  0  0  0  0  0  0  0  0  0  
0  1 0  0  0  0  0  0  0  0  
0 0  0  0  0  0  0  0  0  0  
0  0  0  0  0  0  0  0  0 0  
0  0  0  0  0 0  0  0  0 0  
0  0  0  0  0  0 0  0  0  0  
0  0  0  1 1 1 1 1 1 1 
0 0  0  0  0  0 0  0  0  0  
* No c a t a s t r o p h i c  F a i l u r e s  
( a )  T o t a l  d e v i c e s  o u t  o f  t e s t  l i m i t s  a t  t e s t  c o n c l u s i o n  
CERPAC 
P L 9 9 3 2  
P L 9 9 4 5  
P L 9 9 0 2  
TO-5 
- 
P L 9 9 0 9  
P L 9 9 1 0  
P L 9 9 1 3  
CERPAC 
PD9624  
PD9625 
D e v i c e s  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
0  0  0  0  
0  0 0 0  
0  0  0  3 
0  0  0  0  
0  0  0  0  
0 0  0 0  
0  0  0  0  
0  0  0  0 
0  
0  
3 
0  
0  
0  
0  
0  
T a b l e  4 . 8  - SUMMARY O F  C A T A S T R O P H I C  F A I L U R E  MODES 
* No T O - 5  f a i l u r e s  
SECTION V 
TEST VEHICLE DESCR IPTlON AND DES IGN APPRAISAL 
- 
5.1 Device D e s c r i p t i o n  
5.1.1 Diode T r a n s i s t o r  Log ic  (DTL) 
a. The PL99.32 i s  a  dual  f o u r  inpu t  b u f f e r  c i r c u i t  f e a t u r i n g  
a  p u l l - u p  e m i t t e r  f o l l o w e r  ou tpu t  t h a t  pe rm i t s  h i g h  capac i -  
t i v e  load ing  and a  h i g h  c u r r e n t  ou tpu t  t r a n s i s t o r  p r o v i d i n g  
h i g h  fan-out  c a p a b i l i t y .  The t echn i ca l  s p e c i f i c a t i o n s  a re  
g i ven  i n  F i g .  5.1. 
b. The ~ ~ 9 9 4 5  i s  a  RS/JK master -s lave c locked  f l i p - f l o p .  Input. 
da ta  i s  s t o red  when t h e  c l o c k  i s  h i g h  and i s  t r a n s f e r r e d  t o  
t h e  s l ave  when t he  c l o c k  goes low. An improved d i r e c t  s e t  
and c l e a r  des ign a l l ows  asynchronous e n t r y  i r r e s p e c t i v e  o f  
s i g n a l s  appl  ied t o  any o t h e r  inpu t .  An ou tpu t  b u f f e r  p ro -  
v ides  i s o l a t  ion between t h e  "s l ave f1  and t h e  ou tpu t  load, 
improving s i g n a l  l i n e  no i se  immunity. The t e c h n i c a l  spec i -  
f i c a t i o n s  a re  g iven  i n  F i g .  5.2. 
c. The ~ ~ 9 9 6 2  i s  a  t r i p l e  t h r e e  inpu t  gate c i r c u i t .  Fan-out 
capab i l  i t y  i s  8 f o r  each ou tpu t .  The ou tpu ts  may be connected 
t o  per fo rm c o l l e c t o r  OR l o g i c .  The t echn i ca l  s p e c i f i c a t i o n s  
a r e  g i ven  i n  F i g .  5.3.  
5.1.2 M i l l i w a t t  RTL ( ~ W R T L )  
a. The PL9909 b u f f e r  i s  a  low impedance d r i v e r  hav ing 
h igher  fan-out  c a p a b i l i t y  than t he  bas ic  RTL gate.  An 
i n t e r n a l  t i m i n g  r e s i s t o r  i s  a v a i l a b l e  t o  pe rm i t  c a p a c i t i v e  
coup l i ng  f o r  use i n  monostable and a s t a b l e  m u l t i v i b r a t o r s  
and i n  pu l se  d i f f e r e n t i a t i o n .  The t echn i ca l  s p e c i f i c a t i o n s  
a r e  g i ven  i n  F i g .  5.4. 
b. The PL9310 dual  gate i s  a  dual  two inpu t  NAND/NOR gate which 
may be used as a  s e t - r e s e t  f l  i p - f l op ,  a  double inver te r ,  o r  
a  p a i r  o f  i n v e r t e r s .  W i t h  an expander, i t  can p r o v i d e  a  
dual  NAND/NOR w i t h  increased f an - i n .  The t e c h n i c a l  s p e c i f i -  
ca t i ons  a r e  g iven  i n  F i g .  5.5. 
c. The PL9913 r e g i s t e r  i s  a  se t - r ese t  "DM f l  i p - f l o p  f o r  use i n  
s h i f t  r e g i s t e r  o r  counter  a p p l i c a t i o n s .  When T  i s  high, 
d i r e c t  se t  and rese t  inputs,  S and R, c o n t r o l  t h e  ou tpu t  
s t a t e .  I f  S G R a r e  low, t h e  s t a t e  p rese t  a t  AQ w i l l  be 
s t o red  when T  goes f rom h i g h  t o  low. A change i n  Ao w h i l e  
T  i s  low w i l l  no t  a f f e c t  t h e  ou tpu t .  The t echn i ca l  spec i -  
f i c a t i o n s  a re  g iven  i n  Table  5.6. 
F i g u r  e 5 . 1 - 9932 DUAL FOUR INPUT BUFFER CIRCUIT 
Fan- in  a n 0  fan-ou t  u n i t s  are s h o w n  i n  parentheses. 
T E S T  CONDIT IONS FULL TEhlP RANGE 1-511 LlhllTED TEMP RANGE 1-591 
CHARACTERfST(C 5 y M e o L  1 SENSE 1- 
, 
DIODE lNPUTS l X p A ~ ~ L ~  
I 
51NGLE OTHER 
-- 
TEST NOTES SWITCHING TIME TEST CIRCUIT 
1 Tests are ideottcal for  each clrcult element Ptn 7 @s 
grounded fo r  all tests. 
2. VIH IS stmultaneourly applied to  al l  dtode inputs of the 
clrcult element b a n g  tested 
3 VIL IS sequenttally applied t o  stngte dmde inputs o f  the 
c$rcu#t element bebng tested The other dtode Inputs o f  
that ctrcukt element are open. 
4 V R  IS sequenttally applred t o  stngle d ~ o d e  knputs o f  the 
clrcult element bemq tested. The other drode lnouts of T E S T  YIYLFORMS 
that ctrcubt element i r e  grounded PULSE t i  
5 VF is sequentkally applied t o  slngle dlode knputs o f  the P "t > to0 "re: 
clrcult element belng tested. VR Iss~multaneously applled n - uT v:x,yv 
to the other diode tnpuls of that clrcult element. 
, . d l  + D d .  
6.  Ground IS s~rnultaoeously applled to  one dtode Input of 
each ccrcubf element. 
r "  P G k D  
7. Refer t o s w t c h l n g  Tcme Test Clrcurt for  addittonal rnfof- 
- 
- = ? 
-"..-- NOTE When testing 9944. short d ~ o d e  D l .  remove diodes 0 2 .  D3 and D4 ,,,-..",.. 
8 Ground 4s sequentkally applled to  stngle dlode lnputs o f  and add capacitor C2 = 20 pF ar shovrn. "Cl" inc lude probe and 
the circutt element betnq tested. The other d o d e  lnputr  jig capaclty 
of that c~ rcu t t  element are open 1 
Figure 5 . 2  
9945 RS/JK MASTER-SLAVE CLOCKED FLIP FLOP 
LOADING DIAGRAM 
/ I T O P  V I E W  
i 2 l B  
(2/ 3 )  0 
(2'31 
( 3 / 2 1 0  
*El 
GND 
I Fan-in and fan-out units ate shown in  parentheses. (*) 9945-51(10); 9945-59(12) 
ELECTRICAL CHARACTERISTICS (Note 1) 
CIRCUIT BlAGRAM 
CP LID >, r 
Pin numbers shown In parentheses, resistor values are 
approxtmate. J 
TEST NOTES 
1. Pin 7 is grounded for all tests. A l l  tests excee IPD and 
IMAX are symmatrical with respect to 0 and B: That is. 
all tests are illustrated on one side of the f l ip  flop only. 
Corresponding tests are madeby interchanging St, S2. CD, 
and 0 with C1. C2, SD and 0 respectively. 
2. The ' means momentary ground prior to ciock pulse. 
3. CPa go= from VOH to VF 
4. CPC goes from VOH to VCPTH. 
5. VR is applied individually to one input each test. Other 
inputs are open. 
6. VF is applied individually to one input each test. Other in. 
puts are open. 
7. VIL is applied individually t o  one input each test. Other 
inputs are open. 
8. Refer to S~li tching Time Ten Circuit for additional infor- 
mation. For design purposes a minimum propagation delay 
of 20 nrac may be assured. 
FORCING CONDITIONS 
ELECTRICAL CHARACTERISTICS 
I 
OUTPUT L I A X A G E  C U R R E N T  lCEx )OUT GNU V C r l  VCL 6 $0 "AOC 
OUTPUT St4nHI ClRCUlT CURRCNT 'Ic GND Y C *  6 - 1  31 4 6 1  - 1  34 - 1  10 mAdc -1 30 4 6 1  1 3 0  - 7  21 
/ Y C C  - -- 
Y I D  9 11 
FObLR D R A ~ ~ ~ C U R H E N T  
M.T&x L.t<U Y M r x  6 2 
. . 
8 25 
25 
' 
8G R 1 9 X  C 10°F 25 bO 
PROPAGATION D E L A V  R ~ I M l l  C Ml f  10 10 - "W - - 10 33 ' 
-. - 
-- 
'O' Y l t i l t l  R - 3 P I  C Y ~ P F  15 58 
"S - 
-15 PI 
R ~ Iiail C 50p6 10 10 ( 0  10 /' 
FORCING CONDITIONS 
TEST NOTES SWITCHING TIME TEST CIRCUIT 
1 Tests and test conditions are identical for each gate ele- 
ment Ptn 7 is grounded for al l  tests. 
2. VIH IS simultaneously applied t o  all diode Inputs of the 
gate element being tested. 
3. V IL  is sequentially applied t o  single dlode Inputs Of the 
gate element berng tested. The  other diode inputs of that 
gate element are open. 
4. V R  IS sequentially applied t o  stngle diode inputs o f  the 
gate element betng tested.The orher dlode inputs o f  that 
gate element are grounded. 
5. VF IS sequentially applied t o  stngle dlode bnputr o f  the 
gate element being tested. V R  rs s~multaneously app l~ed  
to  the  other diode mputs o f  that gate element 
6 Ground is sirnultaneourly applted t o  one dlode InPat o f  
each gate element. 
7 Refer to  the Sw~tch ing  Ttme Test Circurt lor additsonal 
v c c . 5 ~  
T F S T  WIVFFORMS 
P U L S E  i ( i  
~ * , o a j i s r  
1 1 2 5 V  UT "YX ;;v 
MIN ,PC I I p d -  
CHO 
~nfo rma l lon .  
F i g u r e  5 . 4  
PL9909 BUFFER 
LOGIC DIAGRAM 
r- \ 
+ Vce 
Positive Logic: C = 
A Negotive Logic: C = 
\ I 
SWITCHING TIME TEST CIRCUIT 
SCHEMATIC 
ELECTRICAL CHAMCTERISTICS 
TITLE 
' 3 - 6 +  
1 TEST CONDITIONS 1 
/ Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 / 
'IN 'BOT GND 
"BOT "IN GND 
'OFF 'OFF GND 
VON G N D  G N D  
G N D  VON G N D  
VIN G N D  G N D  
G N D  VIN G N D  
G N D  G N D  G N D  
G N D  Pulse in  G N D  
G N D  Pulse in  G N D  
Pulse out 
Pulse out 
UNITS 
TEST LIMITS 
Min  Mox 
'IN 
'IN 
IA 0
V~~~ 
"OUT 
'CE 
'CE 
{L 
90 
70 
F i g u r e  5 . 5  
PL99PO DUAL GATE 
LOGIC DIAGRAM 
Positive Logic: C -= 
F = D + E  
B 
Negative Logic: C - 
F D.E 
-- 
SWITCHING TIME TEST CIRCUIT 
SCHEMATIC 
. 
Typical Resistor Values 
R , : 1 . 5 M  
R,= 3 . 6  M 
ELECTRIC 
< 
TEST 
TITLE 
I1 
12 
I3 
'5 
I 7  
' 6  
"7 
"7 
"6 
"6 
"6 
"6 
"7 
v7 
' 8  
'1 - 7 +  
t l + 7 -  
Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 Pin 6 Pin 7 Pin 8 I 
LL CHARACTERISTICS * 
'IN 
"DOT 
G N D  
TEST C O N D I T I O N S  
G N D  
"OFF 
G N D  
"ON 
G N D  
G N D  
G N D  
G N D  
TEST LIMITS 
G N D  
"IN 
G N D  
G N D  
Pulse in  
Pulse in  
VBOT G N D  G N D  
VIN G N D  G N D  
G N D  VIN G N D  
G N D  VBOT G N D  
"OFF "BOT GND 
"BOT 'OFF GND 
G N D  G N D  G N D  
VON G N D  G N D  
G N D  VON G N D  
G N D  G N D  G N D  
G N D  VIN G N D  
G N D  G N D  G N D  
G N D  G N D  G N D  
VIN G N D  G N D  
G N D  G N D  G N D  
G N D  G N D  G N D  
G N D  G N D  G N D  
G N D  
G N D  
"BOT 
"IN 
G N D  
'OFF 
G N D  
G N D  
G N D  
'ON 
G N D  
'IN 
G N D  
G N D  
G N D  
G N D  
G N D  
"IN V c ~  
v c ~  
vcc 
vcc 
vcc 
"cc 
vcc 
vcc 
vcc 
vcc 
Pulse out V CC 
Pulse out V,, 
F i g u r e  5.6 
PL9913 REGISTER 
,turn T A W  
T - -  air rlMI 
., ~ 1 LOGIC MAGRAM 
\ 
I 2 
Typicol Resistor Volues 
R I  = 1.5 k 0  
R( = 480 k 0  
R2=3.6kQ 
R5= 180n 
\ / 
ELECTR 
-
TEST 
TITLE 
- 
'5 
' 6  
"5 
'6 
'5 
'6 
v5 
'6 
I1 
I1 
I5 
'6 
I 5  
I 
I2 
I 
I3 
I7 
v5 
'6 
'8 
t1 - 6 .  
'1 - 6 i  
'1 - 5 -  
+I - 5 +  
' 2 + l -  
'1 - 2 -  
' 2 -  1 - 
'1 - 2 1  
:AL CHARACTERISTICS 
TEST CONDITIONS 
Pin 1 
'BOT 
'BOT 
'BOT 
'BOT 
'BOT 
'BOT 
'BOT 
v s o ~  
'IN 
'IN 
'ON 
'ON 
"OFF* 
'OFF* 
'OFF* 
'OFF* 
V ~ ~ F *  
'OFF* 
'OFF* 
G N D  
Pulse in 
Pulse in  
Pulse in  
Pulse in 
Pulse 1 
i n  
Pulse 1 
~n 
Pulse 1 
~n 
Pulse I 
I n  
Pin 2 
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
v ~ o ~  
'BOT 
G N D  
G N D  
'0 N 
'IN 
'BOT 
G N D  
'ON 
'OFF 
G N D  
~ 
Tie to 
Pin 5 
Tie to 
Pin 5 
Tie to 
Pin 5 
Tie to 
Pin 5 
Pulse 2 
~n 
Pulse 2 
in 
Pulse 2 
in  
Purse 2 
~n 
Pin 3 
'ON 
'BOT 
G N D  
G N D  
'IN 
v ~ o ~  
G N D  
G N D  
G N D  
G N D  
'OFF 
'SOT 
'OFF 
V~~~ 
G N D  
'IN 
G N D  
G N D  
'BOT 
G N D  
- 
G N D  
G N  D 
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
Pin 4 
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
G N D  
Pin 5 Pin 6 Pin 7 Pin 8 
- 
vso~ vcc 
'ON 'CC 
" D  VON G N D  VCC 
VON "DM G N D  VCC 
'BOT 'CC 
"IN 'CC 
" D  VIN G N D  VCC 
VIN "D" G N D  VCC 
G N D  VCC 
G N D  VCC 
'IN v BOT 'CC 
'IN 'OFF 'CC 
"IN "BOT V~~ 
'IN 'OFF 'CC 
G N D  VCC 
G N D  VCC 
'IN 'CC 
'BOT 'CC 
G N D  VCC 
G N D  VLL 
Pulse out G N D  vcc 
Pulse out G N D  VCC 
Pulse out G N D  VCC 
Pulse out G N D  VCC 
Pulse out G N D  vcc 
Pulse out G N D  vcc 
Pulse out G N D  vcc 
Pulse out G N D  VCC 
1 UNITS 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
PA 
IJ A 
PA 
IJ A 
PA 
PA 
IJ* 
IJ A 
IJ A 
mV 
mV 
PA 
ns 
ns 
nr 
ns 
ns 
ns 
ns 
ns 
F i g u r e  5 . 7  
9624 J-K Flip . Flop .
TRUTH iABLES 
LOGIC EQUATIONS 
Qn+l=l f in+RQn 
an+ i =ian +KQn 
J = J, . I.. J* 
K =  KI.K,.K, 
FORCING CONDITIONS 
(P) =Prime Fan Oul ( S )  =Standard Fan Out 
ELECTRICAL CHARACTERISTICS 9624 
NOTES: 
1. Ground set when checking reset and ground reset when checking set, preset. 
2. Reset low when checking J,, Jz, J3 and set low when checking K ,  Kz, Kg. 
3. Ground Q and leave reset open to check set and preset and ground Q and leave preset open to check reset. 
4. Set, reset and present open. 
5. Reset low when checking set, preset, J8, J,, J, and set low when checking reset, Kf, K,, K,. 
6. Reset low when checking clock input at J side and set low when checking clock input at K side. 
7. Reset and clock grounded. 
8. Set and clock grounded. 
F i gu r e 5 . 8 - 9625 Single Eight Input Gate 
i d  12=1.2.3.5.6.7.9.13 
3 
2 
7 R 
ELECTRICAL CHARACTERISTICS . ,,,,, ,,, .,,, 
FORCING CONDITIONS 
' TEST V~V!N VIWX V IO I~  V I W  V a  V w  VOYAX VOYIN VCC VCCLUX I ~ Y I N  IOYIH ImIP) Im(S1 Im(P)  lo^( 
TEMPERA- 
TURE Vdc Vdc Vdc Vdc Vdc Vdc Vdc Vdc Vdc Vdc mA mA mA mA mA mA 
-55% 0 4.5 0 45 2.7 0.45 2.5 5.5 0 5.0 - 1.0 0 22 12 2.2 1.2 
(P) =Prim. Fan Out (S) = Standard Fan Oul 
NOTES: 
1. Input conditions are for one gate only. 2. Only one output at a time is to be 3. see switching time test circuit, 
AII other inputs are to be grounded. grounded. , 
SWITCHING TIME TEST CIRCUIT 
t* = tr = 5.0 nsec max 
15 pF capacitance includes stray wiring, 
probes and load. 
5.1.3 T r a n s i s t o r  T r a n s i s t o r  Logic (TTL) 
a .  The ~ ~ 9 6 2 4  i s  a  J-K f l  i p - f l o p  which operates up t o  a  guaran- 
teed t ogg l  ing r a t e  o f  30MHz/50MHz over  the  f u l  1 m i  1 i t a r y  
temperature range. In fo rmat ion  i s  fed  i n t o  t he  J  and/or K 
i npu ts  w h i l e  t he  c l o c k  i s  low. T h i s  i n fo rma t i on  i s  ANDed 
w i t h  t h e  present  s t a t e  o f  t he  f l i p  f l o p  and s to red  when t he  
c l o c k  goes h igh.  When the  c l o c k  aga in  goes low t h e  s to red  
i n fo rma t i on  i s  ANDed w i t h  t h e  i nve r ted  c l o c k  caus ing t h e  
cross coupled NAND gates t o  be s e t  accord ing ly .  The 9624 
has t h r e e  J  and t h ree  K  data inputs  which can be u t i l i z e d  t o  
p rov ide  t h e  AND f u n c t i o n  r i g h t  i n  t h e  f l i p  f l op ,  thus reduc ing 
t he  number o f  ex te rna l  NAND gates requ i red  f o r  system opera- 
t i o n .  High t o g g l i n g  ra tes  a r e  achieved through t h e  use o f  
charge c o n t r o l  devices coupled w i t h  d ischarge networks which 
a l l o w  removal o f  any excess s to red  charge a t  h i gh  frequency. 
The t e c h n i c a l  s p e c i f i c a t i o n  i s  g iven  i n  F ig .  5.7. 
b.  The ~ ~ 9 6 2 5  i s  a  s i n g l e  e i g h t  input  NAND/NOR gate c o n s i s t i n g  o f  
an e i g h t  e m i t t e r  inpu t  AND ga te  f o l l owed  by an i n v e r t i n g  
a m p l i f i e r  and a  push-pul l  ou tpu t  stage. Th is  gate performs 
a  p o s i t i v e  NAND f u n c t i o n  o r  nega t i ve  NOR f unc t i on .  The push- 
p u l l  ou tpu t  increases no ise  immunity and permi ts  d r i v i n g  o f  
h i gh  capac i t y  loads w i t h  a  minimum o f  loss  i n  speed. The 
t echn i ca l  s p e c i f i c a t i o n  i s  g iven  i n  F i g .  5.8. 
5.2 Des ign Appra isa ls  
The f o l l o w i n g  design app ra i sa l s  descr ibe  t he  c o n s t r u c t i o n  
o f  t he  p a r t i c u l a r  f a m i l y  o f  devices f rom the  f i n a l  d i e  
p a s s i v a t i o n  o r  o x i d a t i o n  growth th rough f i n a l  sea l i ng .  A lso  
inc luded a re  m a t e r i a l s  used f o r  package c o n s t r u c t i o n  and 
f i n a l  assembly. 
5.2.1 DTL - CERPAC 
5.2.1.1 F i n a l  Assembly - Components 
The f o l l o w i n g  a re  the  ma te r i a l s  r equ i red  f o r  f i n a l  assembly 
o f  t h e  DTL-CERPAC as shown i n  f i g u r e  5.9. The component 
numbers serve as t he  legend f o r  t h i s  f i g u r e  which a l s o  inc ludes 
an out1 i ne  drawing o f  the f i n i s h e d  dev ice.  
1 .  Package 1 i d  
2. Lead w i r e  
- Alumina press formed i n  d i e  and 
f i r e d  i n  furnace. Glazed and 
f i r e d .  
- . O O l l '  D ia .  Aluminum w i t h  1% 
S i l i c o n  i n  cont inuous l e n g t h  - 
c u t  a t  assemb 1 y . 
3 .  F i n a l  Wafer and 
Die Process ing - OUTLINE (post  Metal  i z a t  ion)  
These Wafers a r e  pass i va ted  f o l l o w i n g  t h e  metal  1 i z a t  ion 
procedure.  
0 (a) Glass d e p o s i t i o n  10,000 A 
(b) Apply  r e s i s t  and bake 
(c)  E t ch  con tac t  lands f o r  bonding 
(d) Remove res  i s  t 
(e) Wafer mapping and c l ean ing  
( f )  E l e c t r i c a l  d i e  s o r t  
(g) Wafer s c r i b i n g  
(h) V isua l  d i e  s o r t  
4. Lead frame 
5. Package Base 
- P a r t i a l  l y  a lumin ized  Kovar 
sheet s t ock  stamped i n t o  lead 
frames i n  a cont inuous p a t t e r n .  
- Alumina press formed i n  d i e  and 
f i r e d  i n  furnace.  Glazed and 
f i r e d .  
5.2.1.2 F i n a l  Assembly - Device 
The f o l l o w i n g  i s  t he  procedure f o r  f i n a l  assembly o f  t h e  
DTL-CERPAC as shown i n  F i g .  5.9. Components a re  numer i ca l l y  
i d e n t i f i e d  t o  correspond t o  t he  legend on t he  f i g u r e .  
1 .  P a c k a g e - d i e a s s e m b l y  - Kovar l e a d f r a m e 4  pre-heated 
i n  a i r  t o  o x i d i z e .  Glazed 
ceramic base5 heated i n  f i x t u r e  
i n  a i r  t o  s o f t e n  P re -  
heated lead framezla;i;ced over  
base and embedded i n  so f tened  
g lass .  Back o f  completed d i e3  
p laced i n t o  sof tened g l ass  i n  
"we l lu  i n  bases- Completed d i e -  
package assembly removed t o  coo l .  
2. U l t r a s o n i c  bonding o f  - A l - S i  2 w i r es  a r e  u l t r a s o n i c a l  l y  
lead w i res  f rom d i e  "wedge" bonded t o  complete p a t h  
t o  leads between t h e  package leads and t h e  
d i e  lands. Th i s  method invo lves 
t he  a p p l i c a t i o n  o f  u l t r a s o n i c  
energy and pressure t o  t h e  lead 
w i res  and d i e  and lead w i res  and 
1 ands . 
Figure 5.9 - DTL CERPAC FINAL ASSEMBLY 
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3 .  Device s e a l i n g  
4. Lead f i n i s h i n g  
5. Lead t r i m  
Package i s  hermet i c a l  l y  sealed a f t e r  
i n t e r n a l  v i s u a l  inspec t ion  t o  
p rov ide  p r o t e c t i o n  t o  t h e  d i e  
and lead w i res .  The method 
invo lves t he  f i x t u r i n g  o f  the  
d  ie-package assembly and t he  1 i d  1 
and furnace seal  ing i n  a  c o n t r o l l e d  
atmosphere. 
- Sealed dev ice  i s  cleaned and 
leads a r e  p l a t e d  w i t h  go ld .  
- The sealed and f i n i s h e d  dev ice  
leads a r e  trimmed t o  s i z e  i n  a  
shear ing f i x t u r e  which a l s o  
removes t he  frame end on t he  1 eads . 
5.2.2 mW RTL - TO-5 
5.2.2.1 F i n a l  Assembly - Components 
The f o l l o w i n g  a re  t h e  ma te r i a l s  r equ i red  f o r  t he  f i n a l  assembly 
o f  the  mW RTL TO-5. The component numbers serve as the legend 
f o r  F i gu re  5.10 which shows t h e  assembly components. 
A. Header Processing 
1 .  Package eye le t  - Kovar sheet s tock  stamped and 
formed i n t o  eye le t s .  
2. Glass F r i t  - Powdered Kovar sea l i ng  g lass  
3. Package leads - .018" D Kovar w i r e  c u t  t o  leng th .  
4. Pre -ox id ize  e y e l e t  and - Eye le t  and leads f u r n a c e - f i r e d  
1 eads t o  form un i f o rm  ox ide  coa t i ng .  
5. F i x t u r e  p a r t s  
6. Lead t r i m  
- Oxid ized e y e l e t  and leads and 
g lass  f r i t  a r e  placed i n t o  
f i x t u r e  and f u r n a c e - f i r e d  t o  
form g lass  t o  metal sea ls .  
- Leads a r e  trimmed t o  l e n g t h  
a t  bo th  ends 
7. F i n i s h  Header - Glass sealed header c leaned and 
p l a t e d  w i t h  go ld .  
B .  Top Sh ie l d  Processing 
1 .  Top s h i e l d  - N icke l  sheet stamped and 
formed i n t o  top  sh ie l ds  
F i g u r e  5 . 1 0  - T O - 5  P A C K A G E  C O N S T R U C T I O N  S E Q U E N C E  
(I) STAMPEXl EDICKl3L TOP ShIELE 
(2)  CLEAN AND FIRE IN FURNACE TO ANNEX 
PART A - TOP SHIELU 
--- 
-- - 
(1) STAMPED KOVAR E-ELET 
( 2 )  GLASS FRIT 
(3)  EJGIT  KOVAR LRJIDS 
(4) CLEAN AND FIRE (OXIDILE) EYELET AND LEADS 
(5) FIXTURE BNB FUiiM GLASS TO mT SEALS IN FURNACE 
~ (7) CLEAN AND WEB PLATE 
2. F i n i shed  t op  s h i e l d  - Top s h i e l d  cleaned and 
annealed i n  furnace 
C. F i n a l  Wafer and D ie  Process ing - Out1 ine ( ~ r o m  f i n a l  p a s s i v a t i o n  
s tep)  
1 .  Wafers a r e  f i n a l  o x i d i z e d  d u r i n g  t h e  e m i t t e r  d r i v e - i n  process. 
2. Oxide th ickness  measurement 
3 .  Apply r e s i s t  and bake 
4. Contact  mask a l i g n  and expose 
5. Bake and develop r e s i s t  
7. Remove res i s t  
8. Wafer mapping and c l ean ing  
9. Meta l  depos i t i on ,  de l i nea t i on ,  and a l l o y i n g  
10. Waier mapping and e l e c t r i c a l  d i e  s o r t  
1 1 .  Wafer s c r i b i n g  
12. V i sua l  d i e  s o r t  
5.2.2.2 F i n a l  Assembly - Device 
The f o l l o w i n g  i s  t h e  procedure f o r  f i n a l  assembly o f  t h e  mW 
RTL TO-5 as shown i n  F i g .  5.11. The procedure numbers se rve  
as legend f o r  t h i s  f i g u r e  which a l s o  inc ludes an o u t l i n e  
drawing f o r  t h e  f i n i s h e d  dev ice.  
1 .  D ie  mounting on header - F in i shed  TO-5 header i s  heated 
i n  f i x t u r e  under n i t r o g e n  
b l anke t .  D ie  i s  o r i e n t a t e d  on 
header and bonded by sc rubb ing  
i n t o  p l ace  and cool  ing 
2. U l t r a s o n i c  bonding of  lead - . O O 1 l l  D i a .  141-Si w i res  a r e  u l t r a -  
w i r es  from d i e  t o  leads son i ca 1 1 y  "wedge" bonded t o  
complete p a t h  between t h e  package 
leads and d i e  lands. T h i s  
method invo lves t he  a p p l i c a t i o n  
o f  u l t r a s o n i c  energy and pressure 
t o  t h e  lead w i res  and d ie ,  and 
lead w i res  and pos t  ends. 
F i g u r e  5.11 - R T L  TO-5 FINAL ASSEMBLY 
(3) NICKbL rOP SHIELD PWJEGTION 
W ~ D E D  TO srm ASSEMBLY 
(2) 8 kl-~1 WIRES ULTRASONICUY 
EONDID TO MOUN'I'ED D I E  
-G--------(1) WlPLKPED AND TESTEI) DIE 
BOIU'DED TO IIEADE3 ASSENBLY 
GOLD PLATED HEADER ASSEPfBLY 
- .  
(SIMILAR TO LOW PROFILE TO-5) 
Leads gold platod KOVAR 
3 .  Top s h i e l d  we ld ing  - Package i s  h e r m e t i c a l l y  sea led 
a f t e r  i n t e r n a l  v i s u a l  i n s p e c t i o n  
and vacuum bake t o  p r o v i d e  p ro -  
t e c t i o n  t o  t h e  d i e  and lead  
w i res .  The method invo lves  
p r o j e c t  ion we ld ing  o f  t h e  t o p  
s h i e l d  t o  t h e  f i n i s h e d  d i e -  
header assembly i n  a c o n t r o l l e d  
atmosphere (d ry )  box. 
5.2.3.1 F i n a l  Assembly-Components 
The f o l l o w i n g  a r e  t h e  m a t e r i a l s  r equ i r ed  f o r  t he  assembly 
o f  t h e  T ~ L - C E R D I P ,  as shown i n  f i g u r e  5.12. The component 
numbers serve as legend f o r  t h i s  f i g u r e  which a l s o  inc ludes  
an o u t l i n e  drawing o f  t h e  f i n i s h e d  dev ice.  
1 .  Package L i d  - Alumina press formed i n  d i e  and 
f i r e d  i n  furnace.  Glazed and f i r e d .  
2. Lead Wire - Aluminum w i t h  1% S i l  i con i n  
cont inuous l eng th  - c u t  a t  
assembly. 
3. F i n a l  wafer  and d i e  p rocess ing  - o u t l i n e  ( f rom f i n a l  
pass i v a t  ion s tep) .  
(a) Wafers a r e  f i n a l  ox i d i zed  d u r i n g  t h e  e m i t t e r  d r i v e - i n  
process. 
(b) Ox ide th i ckness  measurement 
(c)  Apply r e s i s t  and bake 
(d) Contact mask a1 ign and expose 
(e) Bake and deve 1 op res  i s t  
( f )  E tch  
(g) Remove res i s t  
(h) Wafer mapping and c l ean ing  
(i) Metal  depos i t i on ,  d e l i n e a t i o n  and a l l o y i n g  
( j) Wafer mapping 
(k) E l e c t r i c a l  d i e  s o r t  
( 1 )  Wafer s c r i b i n g  
(m) V isua l  d i e  s o r t  
4. Lead Frame 
5. Package base 
- Aluminized Kovar sheet s t o c k  
stamped and bent  i n t o  lead 
frames i n  a cont inuous p a t t e r n  
by h i g h  speed press.  
- Alumina press formed i n  d i e  and 
f i r e d  i n  furnace. Galazed and f i rzd,  
5.2.3.2 F i n a l  Assembly - Device 
The f o l l o w i n g  i s  t h e  procedure f o r  f i n a l  assembly o f  t h e  T ~ L  
CERDIP as shown i n  F ig .  5.12. Components 1 i s t e d  i n  t h e  t e x t  
a r e  numer i ca l l y  i d e n t i f i e d  t o  correspond t o  t h e  legend on 
the  f i g u r e .  
A. Package - d i e  assembly - Kovar lead frame4 pre-heated 
i n  a i r  t o  o x i d i z e .  Glazed 
ceramic base5 heated i n  f i x t u r e  
i n  a i r  t o  s o f t e n  
z l ass *  Pre- heated lead frame p laced  over 
base and embedded i n  so f tened  
g lass .  Back o f  completed d i e3  
p laced i n t o  sof tened g lass  i n  
"we l l "  i n  bases. Completed d i e -  
package assembly removed t o  c o o l .  
9 .  U l t r a s o n i c  bonding o f  - .001It D i a -  ABtSi w i res2  a r e  u l t r a -  
lead w i res  f rom d i e  t o  son i ca 1 1 y  "wedge" bonded t o  
1 eads . complete pa th  between t he  package 
leads and t he  d i e  lands. T h i s  
method invo lves t he  a p p l i c a -  
t i o n  o f  u l t r a s o n i c  energy and 
p ressure  t o  t he  lead w i res  and 
d i e  and lead w i res  and lands. 
C. Lead sea l i ng  
D.  Lead f i n i s h i n g  
E. Lead t r i m  
5.2.4 Post Seal Processing 
- Package i s  h e r m e t i c a l l y  sealed 
a f t e r  i n t e r n a l  v i s u a l  inspect  ion 
t o  p rov ide  p r o t e c t i o n  t o  t he  d i e  
and lead wi res.  The method i n -  
vo lves t he  f i x t u r i n g  o f  the  d i e -  
package assembly and t h e  1 i d 1  
and furnace seal  ing i n  a c o n t r o l  l e d  
atmosphere. 
- Sealed dev ice  i s  c leaned and 
leads t inned .  
- The sealed and f i n i s h e d  dev ice  
leads a r e  trimmed t o  s i z e  i n  a 
shear ing f i x t u r e  which a l s o  
removes the  frame end on the  
1 eads . 
The post  seal  process ing f o r  t he  se lec ted  devices cons is ted  o f  
dev ice f i n i s h i n g ,  such as p l a t i n g  o r  t i n n i n g  leads, gross and 
he l ium f i n e  leak  t es t ,  e l e c t r i c a l  t e s t  and branding. Th i s  was the  
minimum amount o f  t e s t i n g  necessary t o  insure  t h a t  e l e c t r i c a l l y  
acceptable devices were p laced i n  each s t r ess  t e s t  and t o  e l i m i n a t e  
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any var iab les  t h a t  may be introduced by non-hermetic packages. 
The normal pre-cond it ioning procedure was omit ted f o r  these 
devices i n  order t o  present ' raw'  devices t o  each s t ress  t e s t .  
This  procedure normal ly  involves h igh  temperature s t a b i l i z a t i o n  
bake, temperature c y c l i n g  and constant accelerat ion,  i n  a d d i t i o n  
t o  the  gross and f i n e  leak tes ts .  
SECTION V I  
DEVICE FA l LURE DEF IN IT l ONS AND FA1 LURE ANALYS I S  
6.1. DEF l N IT  l ON OF FA l LURE CATEGOR l ES 
The f a i l u r e  de te rm ina t i on  c r i t e r i a  was es tab l i shed  as r e -  
q u i r e d  by t h e  program and i n  add i t i on ,  c r i t e r i a  no rma l l y  used by 
Ph i l co -Ford  f o r  dev ice  t e s t i n g  was a l s o  app l i ed .  Four (4) 
f a i l u r e  ca tegor ies  were es tab l i shed  - two e l e c t r i c a l  and one each 
phys i ca 1 and mechan i ca l . 
6.1.1. Ca tas t roph ic  E l e c t r i c a l  F a i l u r e :  
The program requirements inc luded t h a t  o f  c o n t i n u i n g  a l l  
devices on s t r e s s  t e s t  unless a  dev ice  developed a s h o r t  o r  an 
open, o r  any leakage c u r r e n t  exceeded 100 t imes t h e  i n i t i a l  
1 i m i  t (except f o r  constant  a c c e l e r a t  ion tes t ) ,  o r  i f  reasoned t h a t  
f u r t h e r  s t r e s s  t e s t i n g  would produce l ess  i n f o rma t i on  than an 
ana lys is ,  a t  t h a t  s t r e s s  step, would p rov i de .  Any dev ice  f a l l i n g  
w i t h i n  any o f  t he  above c r i t e r i a  would be c l a s s i f i e d  a  c a t a s t r o -  
p h i c  o r  non- func t iona l  f a i l u r e .  
6.1.2. Degradat ion E l e c t r i c a l  F a i l u r e :  
A l though no t  a  program requirement, dev ices t h a t  dev ia ted  
o u t s i d e  t h e  Ph i l co -Ford  s p e c i f i e d  minimum and/or maximum l i m i t  
f o r  any parameter, were c l a s s i f i e d  as ' d e v i a t e s '  o r  degrada t ion  
f a i l u r e s .  These devices were n o t  removed f rom subsequent t e s t i n g  
unless they  f u r t h e r  degraded i n t o  t h e  c a t a s t r o p h i c  category .  
6.1.3. Seal F a i l u r e  
A t h i r d  type o f  f a i l u r e  was a hermet ic  sea l  r e j e c t .  Devices 
f rom t h e  thermal shock and lead f a t i g u e  t e s t  procedures were 
he l ium f i n e  and f l u  rocarbon gross leak  t es ted .  Devices w i t h  
leak  r a t e s  >I x ATM cmj/sec o r  t h a t  emanated one o r  more 
bubbles were c l a s s i f i e d  as f a i l u r e s  f o r  f i n e  o r  gross leak t e s t s  
r e s p e c t i v e l y .  
6.1.4. Mechanical Fa i 1 ure :  
Th i s  ca tegory  was p , r imar i l y  f o r  t h e  lead i n t e g r i t y  o r  f a t i g u e  
s t r e s s  t e s t .  A p a r t i c u l a r  dev ice was r e t i r e d  f rom t e s t  when a l l  
leads were mechanica l ly  separated due t o  t h e  bending s t r ess  and 
s t r a i n .  
A second type o f  f a i l u r e  t h a t  i s  considered w i t h i n  t h i s  
category i s  package breakage and/or de fo rmat ion  due t o  acc iden t  
o r  inadequate p r o t e c t i o n  by t he  f i x t u r e  used t o  r e t a i n  the  
dev ice  d u r i n g  a c c e l e r a t i o n  s t r e s s  t e s t s .  
TABLE 6.1 - SUMMARY OF FA l LURE CR ITER lA 
6.2 TYPES OF FAILURES ANALYZED 
The ca tas t roph i c  e l e c t r i c a l  f a i l u r e s  were the  o n l y  dev ices 
analyzed. A lso a se lec ted  p o r t i o n  o f  t h e  detected leakers  were 
sub jec ted  t o  t he  penet ran t  dye t e s t  f o r  v e r i f i c a t i o n .  A l l  analyses 
were conducted i n  accordance w i t h  Phi lco-Ford es tab l i shed  f a i l u r e  
a n a l y s i s  procedure. 
6.2 .1 .  F a i l u r e  Analys is  Procedure: 
The f i r s t  s tep  i n  f a i l u r e  ana l ys i s  i s  t o  s tudy t h e  e l e c t r i -  
c a l  t e s t  da ta  o f  t h e  dev ice.  Th i s  u s u a l l y  suggests one o r  more 
probable f a i l u r e  modes. The ana l ys t  then performs s u f f i c i e n t  
f u r t h e r  e l e c t r i c a l  t e s t s  t o  v e r i f y  conc lus i ve l y  t h a t  t h e  f a i l u r e  
e x i s t s  and what t he  probable modes are.  
The dev ice i s  next  subjected t o  he l ium leak  t e s t i n g  and 
rad iograph ic  inspec t ion  t o  determine i f  leaks, i n c l u s i o n  o f  
f o r e i g n  p a r t i c l e s  i n  t h e  package, o r  open o r  shor ted i n t e r n a l  
lead w i res  a re  c o n t r i b u t i n g  f a c t o r s .  Negat ive t e s t  r e s u l t s  do no t  
i n d i c a t e  non-existence o f  the  above f a c t o r s ;  however, such r e s u l t s  
do i n d i c a t e  t h a t  i f  t he  f a c t o r s  e x i s t ,  they a r e  beyond the  
r e s o l u t i o n  o f  the  best a v a i l a b l e  t e s t  equipment. 
A gross package leak, which i s  no t  d e t e c t a b l e  by t he  tiel iuiii 
method, can c o n t r i b u t e  t o  a  dev ice  f a i l u r e .  The bubble t e s t  may 
be used i f  a leak  o f  t h i s  magnitude i s  suspected. 
A f i n a l  check i s  t he  use o f  a  h i g h l y  pene t ran t  dye. 
Shor ted o r  open i n t e r n a l  leads may n o t  be de tec ted  d u r i n g  
r ad iog raph i c  i nspec t i on  because they  may be hidden behind o t h e r  
elements, o r  t he  sepa ra t i on  o f  an open lead may no t  be s u f f i c i e n t  
t o  be reso lved  on t h e  rad iograph.  A l a r g e  t h i n  f o r e i g n  p a r t i c l e  
which cou ld  s h o r t  a  dev ice  may escape d e t e c t i o n  because o f  i t s  
t ransparency t o  t h e  imping ing r a d i a t i o n .  The use o f  aluminum 
i n t e r n a l  lead w i res  a l s o  1 i m i t s  t h e  usefu lness o f  r ad iog raph i c  
inspect  ion on c e r t a i n  dev ice  f a m i l  i es .  
Each f a i l e d  dev ice  i s  then opened and subjected t o  m ic ro -  
scop ic  examinat ion and e l e c t r i c a l  measurement us ing  probe tech-  
n  iques t o  determine t h e  cause o r  causes f o r  f a  i l u r e .  When necess- 
ary, i n t e r connec t i ng  metal i z a t i o n s  a re  scratched open and compo- 
nent  measurements made w i t h  probes. Fur thermore  s o p h i s t i c a t e d  
techniques such as p r e f e r e n t i a l  e t c h i n g  and s t a i n i n g  a r e  used as 
needed. 
A complete f a i l u r e  a n a l y s i s  r e p o r t  (FAR) i s  issued f o r  each 
dev ice  analyzed. Th i s  r e p o r t  inc ludes t h e  dev ice  h i s t o r y ,  t h e  
cause o f  f a i l u r e ,  t h e  procedure used i n  de te rmin ing  t h e  cause o f  
f a i l u r e ,  t h e  manufactur ing process be1 ieved respons ib le  f o r  t h e  
f a  i 1 ure, photographs and, where poss ib le ,  t h e  mechanism respons- 
i b l e  f o r  t he  f a i l u r e .  

Vcc supply  vo l t age  
VLL  a  d-c vo l t age  low enough t h a t  o n l y  leakage 
cu r ren t s  f l o w  f rom the  supply t e rm ina l .  I t  i s  used f o r  
leakage t e s t  on Gates, Type D F l  i p  Flops, Adders, and 
Half-Adders.  
VBOT the maximum inpu t  vo l t age  encountered i n  a  m i l l i w a t t  system. 
V I N  minimum h i g h  l e v e l  encountered i n  a  m i l l i w a t t  system 
VON maximum vo l t age  requ i red  t o  t u r n  on a  t r a n s i s t o r  
VOFF the  maximum vo l t age  which may be app l i ed  t o  an i npu t  t e rm ina l  
w i t hou t  t u r n i n g  on t he  t r a n s i s t o r .  
VOUT t he  ou tpu t  vo l t age  when Von i s  appl  ied t o  t he  inpu t  p i n  
VCE t he  ou tpu t  vo l t age  when V i n  i s  appl  ied t o  the  i npu t  p i n  
lA4 c u r r e n t  a v a i l a b l e  f rom an ou tpu t  te rmina l  w i t h  a  fan-out  
o f  4 
l A 3  c u r r e n t  a v a i l a b l e  f rom an ou tpu t  te rmina l  w i t h  a  fan-ou t  o f  3 
IAB c u r r e n t  a v a i l a b l e  f rom the  ou tpu t  te rmina l  o f  a  b u f f e r  
IAN maximum c u r r e n t  a v a i l a b l e  f rom the  ou tpu t  t e rm ina l  o f  a  
Gate o r  a  Dual Gate 
I IN t h e  c u r r e n t  drawn f rom the  V I N  supply by one i npu t  o f  a  
gate w i t h  a  f a n - i n  o f  two o r  more 
. 8 1 1 ~  t he  c u r r e n t  drawn f rom t h e  V supply  by t he  i npu t  o f  a  
s  imple m i  I 1 i w a t t  i n v e r t e r  (FA/- IN = I )  
1 . 8 1 1 ~  the  c u r r e n t  drawn f rom the  V I N  supply by a  Type D F l i p -  
F lop  c l o c k  pu lse  inpu t  terminal ,  P i n  1 
21 iN the  c u r r e n t  drawn f rom the  VIN supply  by a  b u f f e r  element 
inpu t  te rmina l  
ICE* c o l l e c t o r  c u r r e n t  o f  Gate Expander when VOFF i s  a p p l i e d  t o  
t he  inpu t  p i ns  and V I N  appl  ied t o  t he  output  p i n  
IL leakage c u r r e n t  
VRL v01 tage obta ined when the  s p e c i f i e d  r e s i s t o r  i s  connected t o  
VCC.  Th is  r e s i s t o r  represents  t he  lowest node r e s i s t o r  of 
m i l  1 i w a t t  c i r c u i t  
VRH vo l t age  obta ined when t he  s p e c i f i e d  r e s i s t o r  i s  connected t o  Vcc. Th i s  r e s i s t o r  represents t he  h ighest  node r e s i s t o r  o f  
m i l l  i w a t t  c i r c u i t .  
7.1.2. Non-Funct ional  Symbols: 
VMAX maximum r a t e d  Vcc v o l t a g e  
lMAX maximum r a t e d  Vcc c u r r e n t  ( a t  vMAX) 
'PD Vcc vo l t age  f o r  power d i s s i p a t i o n  t e s t  
'PD VCC c u r r e n t  ( a t  VpD)  
R i npu t  d i ode  reverse  vo l t age  f o r  leakage t e s t  
I R i npu t  d iode  reverse  leakage ( a t  vR) 
'CEX ou tpu t  t r ans  i s t o r  V f o r  leakage t e s t  C E  
ICE ou tpu t  t r a n s  i s t o r  I f o r  LVCE t e s t  CE 
L V ~ ~  ou tpu t  t r ans  i s t o r  l a t c h  vo l t age  
7.1.3. Subscr ip ts :  
0  ou tpu t  
I inpu t  
R  Reverse 
F forward 
L  low l o g i c  l e v e l  o r  supply  
H h i g h  l o g i c  l e v e l  o r  supply  
7 - 2  DATA LOGG l NG FORMAT 
An example o f  t h e  data logg ing  format i s  g iven  i n  Tab le  7.1. 
The c o l l a t e d  1 i s t  ing has each d e v i c e ' s  readings arranged such 
t h a t  t h e  i n i t i a l  read ing  i s  a t  t h e  t o p  f o l l owed  by each subsequent 
s t r e s s  s t e p ' s  reading.  Tab le  7.2 g ives  an example o f  t h e  header 
and da ta  cards.  
7.2.1. C h a r a c t e r i s t i c  Values: 
A1 1 vo l t age  measurements a re  recorded i n  v o l t s  t imes loX,  
where x  i s  a  nega t i ve  i n t ege r .  A l l  c u r r e n t  measurements a r e  
recorded i n  amperes t imes loX, where x  i s  a  nega t i ve  i n t ege r .  
The f i r s t  fou r  d i g  i t s  o f  each parameter measurement i n d i c a t e s  
t h e  numerical  va lue  o f  t h e  measurement and t h e  f i f t h  d i g i t  i n d i -  
ca tes  t he  abso lu te  va lue  o f  the  nega t i ve  exponent. The power 10 
and t h e  nega t i ve  s i g n  o f  t h e  exponent a re  no t  punched. The 
decimal o f  t h e  numerical  value, as punched, i s  always immediately 
a f t e r  the  f o u r t h  d i g i t ;  hence, t h e  vo l t age  measurement: 
25453 i nd i ca tes  2545. x  10-3 v o l t s ,  o r  2.545 v o l t s .  
The c u r r e n t  measurement: 54235 ind i ca tes  5423. x amperes, 
o r  .05423 amperes, o r  54.23 ma. 
I n  t he  event t h a t  a dev ice  parameter does n o t  meet t h e  imposed 
s p e c i f i c a t i o n ,  t h i s  w i l l  be i nd i ca ted  on the  punch ca rd  by a 
spec ia l  charac te r  punch i n  the  c o l  umn immed i a t e l y  preceding 
the  exponent f o r  t h a t  p a r t i c u l a r  parameter. 
7.2.2. Column 80 Pass Reject  Punch: 
I f  any parameter on any card  i s  r e j e c t e d  t o  the  imposed 
s p e c i f i c a t i o n  l i m i t s ,  an I & '  symbol w i l l  be punched i n  column 
80 o f  the  card  c o n t a i n i n g  t h e  r e j e c t e d  parameter. I f  no r e j e c t s  
occur on t he  card, column 80 w i l l  be punched ' 0 ' .  
7.2.3. Other Symbols: 
I f  any parameter does n o t  meet t he  imposed s p e c i f i c a t i o n  
l i m i t  i t  i s  i nd i ca ted  by a symbol t h a t  rep laces the  f o u r t h  
d i g i t  i n  t he  da ta  column which reduces t he  number o f  s i g n i f i c a n t  
f i g u r e s  t o  t h ree .  These symbols a re  g iven  i n  Table 7.3. 
TABLE 7.3 - PARAMETER REJECT SYMBOLS 
Parameter Re iec t  S ymbo 1 
High Reject  I & '  
Low Reject  1 - 1  
Over Range Re jec t  I # '  o r  I $ '  
P o l a r i t y  Re jec t  '@I o r  '9:'  
" P )  
r a u u C  
alas, 
u a a w  
a , m m  o 
$2 
I d .  . u  
& 6 X . d  
r d . r l m  c 
CuCC=r 
V V V V  
I 
+f-r-r.- 
W o w -  t2ma 
Pr-P.- 
i I 
--- 
FIX Ur. 
O U U Y  
0 0 
OF?--, 
INTEGRATED CIRCUIT, L - 5 4 4 A  ' 4A 
1 c 
..w ol r ., .n r W " - z r r  
.- 
.- 
..a - -. .n ur r w n - 2 -  .- 
m 
2.- .L, r n v, c " I  - 2 -  
.- 
2 w  - d " m C w N - 2 .  
- 
u - , m , . - . . . u - = *  
-EJECT i .EJE.1 
IOLCO CCRI? LANSUALE D I V I S I O N  SUSSIDARI 01: FORC MOTOH LO : MOTOR C3 ., MOTOR CO C MOT3R CO i MOTOR L C  
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SECTION V l  l l 
TEST EQU l PMENT & PROCEDURE 
8.0. The f o l l o w i n g  paragraphs descr ibe  t he  equipment and procedure 
used f o r  t he  s tep  s t r ess  t e s t i n g  and the  h e r m e t i c i t y  and e l e c t r i -  
c a l  c h a r a c t e r i z a t i o n  t e s t s .  
8.1. HERMET l C ITY TEST I N G  
8.1.1. Purpose: 
The purpose o f  t h i s  t e s t  i s  t o  determine the  seal  hermet i -  
c i t y  o f  m i c r o e l e c t r o n i c  packages w i t h  c a v i t i e s  t h a t  a re  e i t h e r  
evacuated o r  c o n t a i n  a  gas. I t  i s  used t o  assess t he  r e l i a b i l -  
i t y  o f  the  seal  i n  p reven t i ng  t he  admission o f  contaminants t o  
t h e  c a v i t y  t h a t  would degrade dev ice performance. 
8.1.2. Equipment: 
The equipment r equ i red  i s  as f o l l ows :  
a. Hel ium f i n e  leak  requ i res  a s u i t a b l e  vacuum-pressure bomb 
chamber and pumps, source o f  he1 ium, dev ice  ho ld i ng  leak-  
t e s t  chambers, and a mass spectrometer t ype  leak  de tec to r  
w i t h  a  minimum He l eak  r a t e  s e n s i t i v i t y  o f  10-9 atm cm3lsec. 
b. i'=l uorocarbon (Freon) gross leak, Pa r t  B, requ i r e s  a vacuum- 
pressure bombing chamber and pumps, pyrex g lass  dish, s t a i n -  
less  s t e e l  mesh, hot  p la te ,  temperature c o n t r o l l e r ,  magn i f i e r  
( 3 ~  min), and sources of  Freon 1 1  3 and FC 43. f 1 uorocarbons. 
c. Fluorocarbon  r re on) gross leak, Pa r t  A, r equ i res  a1 I o f  the  
above equipment except t he  bombing chamber and pumps. 
The ' A '  t e s t  i s  used t o  de tec t  severe package leaks 
(>l0'3atm cm3/sec) such as cracks and seal  f r a c t u r e s  t h a t  
were missed by v i s u a l  inspec t ion .  
The ' B '  t e s t  over laps the  'A '  t e s t  as w e l l  as the  upper l i m i t  
of  the  he1 ium leak t e s t  (10'5 atm cm3/sec). 
d. Penetrant  dye gross l eak  requ i res  a vacuum-pressure bomb 
chamber and pumps, ~ ~ o t c h e c k ~ ~ ~ e n e t r a n t  dye, and dye 
de tec to r .  Th is  t e s t  i s  used t o  v e r i f y  quest ionable leakers.  
i': Trademark Magaflux Corporat ion 
8.1.3. Procedure: 
a. Hel ium leak t e s t  
1 .  P lace devices i n  bomb chamber and c l ose  cover .  
2. Turn on vacuum pump t o  evacuate a i r .  
3 .  Turn o f f  vacuum pump. 
4. Open Helium va lve  and s e t  p ressure  t o  90 p s i g  f o r  3 
hours. 
5. Turn o f f  he l ium va lve  and b leed chamber t o  atmosphere 
pressure.  
6. Open cover and remove dev i ces .  
7. " A i r  wash" devices t o  remove sur face occluded he1 ium. 
8 .  W i t h i n  30 minutes a f t e r  complet ion o f  s tep  4, p lace  
one dev ice  i n  each leak  t e s t  chamber. 
9. Tes t  each dev ice i n d i v i d u a l l y  f o r  t races  o f  he1 ium as 
determined by t he  mass spectrometer t ype  l eak  d e t e c t o r .  
10. Record measured leak ra tes  g rea te r  than 1 x 10-8 atm 
cm3/sec. 
11. Repeat steps 8 - 10 f o r  balance o f  devices. 
b. F luorocarbon gross leak ( p a r t  A) .  
1 .  Check t h a t  s t a i n l e s s  s t e e l  mesh i s  1/4 inch  f rom d i s h  
bottom. 
2. Check t h a t  FC-43 i n  pyrex d i s h  i s  a t  l O O O C  and t h a t  i t s  
l e v e l  i s  2-1/2" min. 
3 .  Place devices w i t h  l i d  down i n d i v i d u a l l y  i n t o  FC-43 
and on s t a i n l e s s  s t e e l  mesh. 
4. Us ing 10X microscope, observe whether o r  no t  a bubble 
o r  bubbles emanate f rom the  dev ice.  
5. Record whether o r  n o t  bubbles emanate and l o c a t i o n  o f  
emanat ion. 
6 .  Repeat steps 2 - 5 f o r  each dev ice.  
c .  F luorocarbon Gross Leak ( p a r t  B ) .  
1 .  P lace devices i n  beaker and i n t o  vacuum-pressure chamber. 
2. Evacuate t o  1 mm Hg maximum and ma in ta i n  t h i s  vacuum 
f o r  one hour. 
3 Without b reak ing  vacuum, draw Freon 113 i n t o  t h e  
chamber t o  cover t he  devices. 
4. Pressur ize  vessel  t o  90 p s i g  w i t h  n i t r o g e n  and ma in ta i n  
pressure f o r  3 hours. 
5. Bleed chamber t o  atmosphere pressure and remove cover .  
6. Remove beaker w i t h  Freon 113 covered dev ices.  
7. Check t h a t  s t a i n l e s s  s t e e l  mesh i s  1/4 inch f rom d i s h  
bottom. 
8. Check t h a t  FC-43 i n  pyrex d i s h  i s  a t  100°c and t h a t  i t s  
l e v e l  i s  2-1/2" min. 
9. Remove one dev ice  f rom beaker and a l l o w  t o  d r y  3 minutes.  
10. Place devices w i t h  l i d  down i n d i v i d u a l l y  i n t o  FC-43 
and on s t a i n l e s s  s t e e l  mesh. 
1 1 .  Using 10X microscope observe whether o r  no t  a bubble 
o r  bubbles emanate f rom the  dev ice.  
12. Record whether o r  n o t  bubbles emanated and l o c a t i o n  o f  
emanat ion. 
13. Repeat steps 8 - 12 f o r  each device. 
d. Penetrant  Dye Gross Leak (used t o  v e r i f y  quest ionable leakers )  
1 .  Place devices i n  beaker. 
2. Evacuate t o  1 mm Hg maximum and ma in ta i n  t h i s  vacuum 
f o r  one hour. 
3.  Without break ing vacuum, draw penetrant  dye i n t o  t h e  
chamber t o  cover t h e  devices. 
4. Pressurize vessel t o  90 ps i g  w i t h  n i t rogen  and main ta in  
pressure f o r  12 hours minimum. 
5. Bleed chamber t o  atmosphere pressure and remove cover. 
6. Remove beaker conta in  ing devices, and decant excess 
penetrant dye i n t o  s torage vessel. 
7. Wash penetrant dye from devices w i t h  acetone and dry.  
8. Open each device and examine f o r  traces o f  dye us ing 
10X microscope. 
9. Spray each device w i t h  penetrant dye detec tor .  
10. Reinspect each device f o r  t races o f  dye. 
1 1 .  Record whether o r  no t  dye i s  present i n  t he  i n te rna l  
c a v i t y  o f  each device. 
8.2. ELECTR l CAL TEST 
8.2.1. Purpose: 
The purpose o f  the  e l e c t r i c a l  t e s t  a f t e r  s t ress  i s  t o  pro-  
v ide  a means t o  determine whether o r  no t  an appl ied environmental 
s t ress  caused changes i n  device c h a r a c t e r i s t i c s  t h a t  would e i t h e r  
impair i t s  performance o r  cause i t  t o  become non-funct ional .  
8.2.2. Equipment: 
The equipment used t o  e l e c t r i c a l l y  t e s t  a l l  the  device 
types i s  ca l  led the l iphi l c o  Evaluat ion and Logging Tester"  o r  
"PELT". 
This  Q u a l i t y  and R e l i a b i l i t y  M i c r o c i r c u i t  t e s t e r  i s  a paper 
tape programmed u n i t  p rov id ing  t e s t  r e s u l t s  onto cards o r  type- 
w r i t e r  and tape. 
It performs D.C. t e s t s  on m i c r o c i r c u i t  devices having up 
t o  s ix teen leads and a l s o  provides pulse leve ls  f o r  c lock ing  o r  
s e t t i n g  the  device under t e s t  t o  i t s  requi red leve l  p r i o r  t o  
making the t e s t  measurement. 
A per fo ra ted  tape b lock reader i s  used t o  program the tes ts .  
M i c r o c i r c u i t  elements decode the  tape in format ion which set  up 
the  t e s t  c i r c u i t .  
Automatic, semi-automatic, and manual modes o f  ope ra t i on  
a r e  p rov ided  f o r  a l l  phases o f  eng ineer ing  s tud ies .  An engineer-  
ing panel, made ava i l a b l e  f o r  exper imenta l  t e s t  ing, i s  presented 
as a m a t r i x  w i t h  t he  module p i n s  as t he  abscissa and t he  inpu t -  
ou tpu t  c o n d i t i o n s  as t he  o rd ina te .  I n  t h i s  mode, one may mon i to r  
and a d j u s t  b i as  l e v e l s  o r  moni tor  t h e  inpu t -ou tpu t  p i ns  o f  a  
dev ice  under t e s t .  A spec ia l  ope ra t i ng  mode i s  p rov ided  t o  
i n h i b i t  f u r t h e r  t e s t i n g  when a t e s t  r e j e c t  occurs.  When t h i s  
occurs, t he  opera to r  may choose t o  examine t he  t e s t  r e s u l t  o r  
command t h e  t e s t e r  t o  proceed on. 
E ighteen p re -se t  vo l t age  l e v e l s  and e i g h t  p re -se t  c u r r e n t  
l e v e l s  a r e  a v a i l a b l e  f o r  b i a s i n g .  Two c u r r e n t  readout c i r c u i t s  
a r e  p rov ided  t o  measure t he  dev ice c u r r e n t  when f o r c i n g  a vo l t age .  
8.2.3. Procedure: 
a. Obta in  programming tape f o r  p a r t i c u l a r  t ype  t o  be t e s t e d  
and i n s t a l l  on Tape Reader. 
b. Obta in  standards o f  t h e  same type  t o  be t es ted  t o  check 
machine c a l  i b r a t  ion. 
c.  Read one s tandard by i n s e r t i n g  i n t o  t e s t  socket on PELT and 
depress ing s t a r t  pedal.  
d. A f t e r  PELT completes t e s t i n g  and recording, proceed t o  t e s t  
o t h e r  standards. 
e ,  Compare s tandard readings t o  o r i g i n a l  data f o r  these devices 
and, i f  w i t h i n  tolerance, proceed t o  t e s t  devices or, i f  no t  
w i t h i n  tolerance, n o t i f y  t echn i c i an .  
f .  Read and record  on 80 column data punch cards, a1 1 r equ i red  
parameters f o r  each dev ice.  
g. Submit completed t e s t  cards t o  be c o l l a t e d  and have da ta  
p r i n t e d  ou t .  
h. From p r i n t - o u t s ,  earmark a l l  readings o f  devices t h a t  were 
i nd i ca ted  by machine t o  be ou t s i de  o f  one o r  more i n i t i a l  
1 i m i t s .  
i. V e r i f y  a l l  leakage t e s t s .  
j. Check o the r  dev ice  readings t o  determine i f  any a r e  unrea- 
sonable and need v e r i f i c a t i o n .  
k. A f t e r  complet ion o f  v e r i f i c a t i o n  procedure, da te  and stamp 
data r u n o f f  as "ver i f  ied". 
H I G H  TEMPERATURE STORAGE 
Purpose: 
The h igh  temperature s to rage  t e s t  i s  used t o  determine t he  
e f f e c t  o f  e leva ted  temperatures, w i t h o u t  e l e c t r i c a l  s t r e s s  appl ied,  
on m i c r o e l e c t r o n i c  dev ices.  I t  a l s o  can be used as a p recond i t i on -  
ing  t reatment  d u r i n g  f i n a l  process ing o f  dev ices.  
Equipment: 
The equipment c o n s i s t s  o f  a c o n t r o l l e d  temperature chamber 
capable o f  a t t a i n i n g  and ma in ta i n i ng  t he  s p e c i f i e d  temperature 
w i t h i n  '1%. Containers o r  t r a y s  a r e  p rov ided  t o  ho ld  t h e  dev ices.  
- 
Temperature Cont r o  1 : 
The temperature chamber i s  p rov ided  w i t h  a thermocouple, 
and assoc ia ted  c i r c u i t s ,  t h a t  c o n t r o l s  t he  chamber temperature 
by sw i t ch ing  t he  inpu t  power t o  t h e  res i s tance  heaters .  I n  add i -  
t i on ,  a 1 i m i t  s w i t c h  i s  p rov ided  t h a t  prevents  t h e  temperature 
f rom exceeding a l i m i t  5% above t he  requ i red  chamber temperature.  
Th i s  1 i m i t  s w i t c h  sounds an a la rm and, i f  unheeded, c u t s  a1 1 
power t o  t he  heaters .  Manual r ese t  i s  necessary. The tempera- 
t u r e  i s  a l s o  moni tored by another thermocouple which d r i v e s  a 
reco rd ing  po ten t  iometer. Readings a r e  recorded every two (2) 
minutes. 
Tes t  temperatures of 75, 125, 175, 225, 250, 275, 300, 325, 
350, 375, 400, 425, 450 and 4 7 5 O ~  were used f o r  the  program. 
Tes t  Procedure: 
a. Read and record  s p e c i f i e d  e l e c t r i c a l  parameter f o r  each 
dev i ce  . 
b. Check chamber temperature and a d j u s t  and c a l  i b r a t e  i f  necessary. 
c. P lace devices i n t o  ho ld i ng  t r a y s  o r  con ta iners  capable o f  
w i t hs tand ing  t he  chamber temperature. 
d. P lace t r a y  o r  con ta ine r  i n t o  chamber and record  da te  and t ime.  
e. A f t e r  t he  requ i red  t ime o f  24 hours, remove t r a y  o r  con ta ine r  
c o n t a i n i n g  dev ices and l e t  cool  t o  room temperature.  
f .  Read and record  s p e c i f i e d  e l e c t r i c a l  parameters f o r  each 
dev ice.  
g. Repeat steps I b '  through I f '  f o r  each t e s t  temperature r e -  
qu i red. 
8.4. STEP STRESS OPERAT l N G  LIFE 
8.4.1. Purpose: 
The purpose o f  the  Step St ress Operat ing L i f e  t e s t  i s  t o  
determine a rep resen ta t i ve  f a i l u r e  r a t e  o r  demonstrate t he  r e -  
l i a b i l i t y  o f  a  dev ice  when subjected t o  a  s p e c i f i e d  l e v e l  o f  power 
a t  a  g iven  temperature.  
8.4.2. Equipment: 
The equipment cons i s t s  o f  s u i t a b l e  t e s t  boards f o r  the 
p a r t  i c u l a r  device, a  c o n t r o l  l ed  temperature chamber and requ i red 
power suppl ies .  
8.4.3. C i r c u i t s  and Condi t ions:  
The ac tua l  ope ra t i ng  l i f e  c i r c u i t s  a re  g iven  i n  F igures 8.1 
t o  8.8. Note t h a t  se r i es  res is tances  should be s u f f i c i e n t l y  
g rea te r  than t he  impedance o f  t he  dev ice  t o  make i t  p o s s i b l e  t o  
c o n t r o l  and ma i n t a  i n  constant  dev ice  cur ren t ,  regard less o f  
f l u c t u a t i o n s  i n  dev ice  impedance. 
A l l  dev ice  types were sub jec t  t o  s t r e s s  l e v e l s  o f  f rom 
200 mW t o  1000 mW a t  125OC i n  100 mW steps. The d i s s i p a t i o n  i s  
determined f rom p = ~ R L V ~  f o r  a l l  types except t he  PL9909, 
PL9910 and PL9913. For the  PL9909 and PL9910 c i r c u i t s  i t  can be 
shown t h a t  t h e  dev ice  d i s s i p a t i o n  i s  approx imate ly :  
For t he  PL9913 t he  d i s s i p a t i o n  i s :  
Figure 8.1 - OPERATING LIFE TEST CIRCUIT - PL9932 (~7330) 
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t17.5V 
- 
- 
(vw. > 
I 
Figure 8.2 - OPERATING LIFE TEST CIRCUIT - ~ ~ 9 9 4 5  (~7332) 
Figure 8.3 - OPERATING LIFE TEST CIRCUIT - ~ ~ 9 9 6 2  (~7374) 
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Figure 8 5 - OPERATING LIFE TEST CIRCUIT - PL99lO (~7220) 
t12.5v 
- 
Figure 8.6 - OP IXG LIFE TEST CIRCUIT - PL99l3 (~7032) 
vcc +20v 
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V@e = -2W 
Figure 8.7 - OPERATING LIFE TEST CIRCUIT - ~ ~ 9 6 2 4 .  (~7938)  
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FigLlre 8.8 - OPERATING LIFE TEST CIRCUIT - ~ ~ 9 6 2 5  (~7942)  
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8.4.4. Procedure: 
a. Read and record  s p e c i f i e d  e l e c t r i c a l  parameters. 
b. Load devices i n t o  c i r c u i t  t e s t  boards. 
c.  Check t h a t  power supp l i es  a r e  a t  r equ i red  supply  vo l tages  
(vcc and Vee) 
d. P lace t e s t  boards c o n t a i n i n g  devices i n  125 '~  t e s t  chamber 
and seat  i n t o  power sockets.  
e. A l low devices t o  s t a b i l i z e  a t  125OC p r i o r  t o  app l y i ng  power. 
f. Ad jus t  Vce and/or V 1  and IE and/or ~ R L  t o  g i v e  requ i red  Power 
l e v e l .  
g. Ma in ta i n  power l e v e l  f o r  24 hours. 
h. Turn o f f  power, remove t e s t  boards c o n t a i n i n g  devices f rom 
chamber and a l l o w  t o  coo l .  
i. Read and record  s p e c i f i e d  e l e c t r i c a l  parameters. 
j .  Repeat steps ' b '  th rough  ' i t  f o r  each power l e v e l .  
8.5 REVERSE BIAS 
8.5.1. Purpose: 
The purpose o f  the  reverse o r  back b i as  t e s t  i s  t o  determine 
t h e  dev ices '  c a p a b i l i t y  o f  w i t hs tand ing  i t s  maximum ra ted  vo l t age  
a t  e leva ted  temperature. Th i s  e l e c t r i c a l  s t r e s s i n g  serves as an 
i n d i c a t i o n  o f  t h e  s t a b i l i t y  o f  t h e  dev ices '  su r face  and b u l k  
c h a r a c t e r i s t i c s  i nc l ud ing  t he  sur face  problems o f  invers  ion 
and channe 1 ing . 
8.5.2. Equipment: 
The equipment c o n s i s t s  o f  s u i t a b l e  t e s t  boards f o r  t he  
p a r t i c u l a r  device, a  c o n t r o l l e d  temperature chamber and requ i red  
power supply.  
8.5.3. C i r c u i t s  and Condi t ions:  
The ac tua l  back b i a s  c i r c u i t s  a r e  g iven  i n  f i g u r e s  8.9 - 
8.16. The b ias  i s  a p p l i e d  such t h a t  the  maximum number of  j u n c t i o n s  
a r e  reverse  biased. A  10 Ki lohm r e s i s t o r  i s  placed i n  s e r i e s  w i t h  t he  
p i w e  8.9 - REVERSE BIAS LIFE TESP CIRCUIT - PL 9932 (~7330) 
Figure 8.10 - REVERSE BIAS LIFE TEST CIRCUIT - PL9945 (~7332) 
Figure 8.11 - RE3XRSE BIAS LIFE TEST CIRCUIT - ~ ~ 9 9 6 2  (~7334) 
Vcc  + 4v 
I"' - - 

Figure 8.15 - REVERSE BIAS LIFE TEST CIRCUIT - ~ ~ 9 6 2 4  ( ~ 7 9 3 8 )  
vcc + LV 
Figure 8.16 - REVERSE BIAS LIFE TEST CIRCUIT - ~ ~ 9 6 2 5  ( ~ 7 9 ~ )  
power supply  t o  l i m i t  t h e  c u r r e n t  i n  the  event t h a t  a j u n c t i o n  
breakdown o r  o t h e r  s h o r t  develops. The amount o f  power t h a t  i s  
d i s s i p a t e d  i n  t he  normal dev ice  i s  n e g l i g i b l e  bu t  can increase 
r a p i d l y  should a de fec t  appear. The s e r i e s  r e s i s t o r  prevents  
t h i s  increase and avoids o the r  c i r c u i t  damage, such as e f f ec t s  
o f  the power d i s s i p a t i o n  type  o f  t e s t , t h a t  can mask the  ac tua l  
reverse b i a s  f a  i 1 u re  mode. 
A l l  dev ices were t es ted  a t  the same reverse b i as  cond i t i ons  
a t  temperatures o f  75, 100, 125, 1 5 0 ~ ~  f o r  a  t o t a l  o f  800 hours 
(200 h rs .  per  s tep ) .  
8.5.4. Procedure: 
a. Read and record  s p e c i f i e d  e l e c t r i c a l  parameters. 
b. Load devices i n t o  c i r c u i t  t e s t  boards. 
c. Check t h a t  power supply  i s  s e t  a t  r equ i red  supply  vo l tage .  
d. Set and s t a b i l i z e  chamber temperature.  
e. P lace t e s t  boards c o n t a i n i n g  devices i n  t e s t  chamber and seat  
i n t o  power socket .  
f. A l l ow  dev ice  temperature t o  s t a b i l i z e  p r i o r  t o  app ly ing  b i as .  
g. Adjust  b i a s  vo l tage,  i f  necessary. 
h. Ma in ta i n  cond i t i ons  f o r  200 hours. 
i . Cool devices and t u r n  o f f  power. 
j . Remove t e s t  boards f rom chamber. 
k.  Read and record  s p e c i f i e d  e l e c t r i c a l  parameter. 
1 .  Repeat steps ' b '  through ' k '  f o r  each temperature.  
8.6. CONSTANT ACCELERAT l ON 
8.6.1. Purpose: 
The cons tan t  a c c e l e r a t i o n  t e s t  i s  used t o  determine t h e  
e f f e c t s  o f  c e n t r i f u g a l  fo rces  on m i c r o e l e c t r o n i c  dev ices.  It 
i s  used t o  de tec t  s t r u c t u r a l  and mechanical weaknesses such as 
those t h a t  occur i n  d i e  bond, w i r e  bonds and cover seals  t h a t  
a re  n o t  e a s i l y  d iscernab le  by o ther  means. I t  i s  a l s o  used as a 
h i g h  s t r e s s  t e s t  t o  determine mechanical l i m i t s  o f  packages and 
dev ice  c o n s t r u c t i o n  methods and in te rconnec t ions .  
8.6.2. Equipment: 
The equipment cons is ts  o f  a  c e n t r i f u g e  capable o f  apply- 
ing the  spec i f i ed  c e n t r i f u g a l  f o rce  t o  the device i n  a  s u i t a b l e  
r e s t r a i n i n g  f i x t u r e  and r o t o r .  A sketch o f  the equipment's 
p e r t i n e n t  d e t a i l s  i s  g iven i n  F igure 8.17. 
- O U T L I N E  OF CENTRIFUGE T E S T  EQUIPMENT 
F i x t  
t o r  
ure ( t w o  
B a s k e t  
shown) 
R o t o r  F i x t u r e  
8.6.3. G - Level 
The acce lera t ion  i s  d i r e c t l y  p ropor t iona l  t o  t he  square 
o f  the angular v e l o c i t y  and the radius o f  the c i r c u l a r  pa th  
t raversed by the device under s t ress .  This i s  expressed as: 
2  a = w r  
Where: a  = Accelerat ion i n  f t / sec  2 
w = Angular v e l o c i t y  i n  rad ians/sec 
r = Radius o f  c i r c u l a r  pa th  i n  fee t .  
Since cen t r i f uge  speeds are  normal ly spec i f i ed  i n  t he  
number o f  revo lu t ions  i n  a  g iven time, such as revolution/rnin., 
it can be r e a d i l y  shown t h a t  the expression ( 1 )  becomes: 
Where: w = Angular v e l o c i t y  i n  rpm 
r = Radius i n  inches 
Using ' g ' ,  the  acce lera t ion  o f  g r a v i t y  as 32.174 f t / sec2  
i t  i s  convenient t o  w r i t e  the number o f  'GIs '  as: 
Since the  radius i s  f i x e d  by the r o t o r  diameter and device 
f i x tu res ,  the angular v e l o c i t y  i s  the va r iab le  used t o  se t  the 
requ i red  G l e v e l .  Thus f i n a l l y :  
L r  f 
Where: w i s  i n  rev/min and 
r i s  i n  inches 
or :  w = 10 2 1 /2 
I- 
Where: r i s  i n  crn 
For  t he  program, the rpm given i n  t a b l e  8.18 were used 
t o  achieve the  spec i f i ed  G leve l  a t  the  center  o f  the device i n  
t he  YI plane 
TABLE 8.18 - r.p.rn. Required f o r  Given "G" Level 
Cerpac TO-5 Cerd i p  
Leve 1 r = 3.25" r = 3" r = 2.83" 
8.6.4. Test Procedure: 
a. Read and record spec i f i ed  e l e c t r i c a l  parameters f o r  each 
device. 
b. Load devices i n t o  hold ing f i x t u r e s  f o r  the p a r t i c u l a r  type 
package as given i n  F igure 8.19. 
F i g u r e  8,19 - OUTLINES OF CENTRIFUGE DEVICE HOLDING FIXTURES 
F o r c e  D i r e c t i o n  Y I  P l a n e  
CEBPAC 
L.L 
CERDIP 
The Cerdip i s  'waxed' i n t o  i t s  f i x t u r e  f o r  t h e  h i gh  ' G I  
l e v e l s  t o  p reven t  package breakage. Th i s  i s  necessary due t o  
the  f l a t  p r o j e c t i o n  i n  t he  cen te r  o f  t he  package t o p  t h a t  p re -  
vents b o t h  t op  end areas o f  t h e  package f rom r e s t i n g  aga ins t  
t he  f i x t u r e  bottom. Thus, t h e  dev ice  i s  subjected t o  bending 
s t resses and a t  h igher  a c c e l e r a t i o n  t h i s  s t r e s s  causes breakage 
a t  t he  p r o j e c t  ion  end, o r  of t h e  package a t  t he  end leads. 
c. O r i en ta te  and load f i x t u r e s  i n t o  c e n t r i f u g e  r o t o r  f o r  acce l -  
e r a t i o n  i n  Y I  p lane. 
d. Close c e n t r i f u g e  cover.  
e. Set c e n t r i f u g e  c o n t r o l  a t  rpm requ i red  f o r  p a r t i c u l a r  G l e v e l .  
f. S t a r t  c e n t r i f u g e  and a l l o w  t o  reach t he  requ i red  rpm as i n d i -  
cated by c a l i b r a t e d  gage. 
g. Hold devices a t  r equ i red  rpm f o r  one (1) minute.  
h. Turn o f f  c e n t r i f u g e  and a l l o w  t o  coast  t o  s top.  
i . Open cover and unload f i x t u r e s  f rom r o t o r .  
j. Unload devices f rom f i x t u r e s .  
k. Read and record  s p e c i f i e d  e l e c t r i c a l  parameters f o r  each 
dev i ce .  
1 .  Repeat steps ' b '  through ' k t  f o r  each ' G I  l e v e l .  
8.7. PNEUPACTOR MECHAN l CAL SHOCK 
8.7.1. Purpose: 
The mechanical shock t e s t  i s  used t o  determine t h e  e f f e c t s  
o f  s h o r t  d u r a t i o n  a c c e l e r a t i o n  forces on the  dev ices.  These 
forces a r e  s i m i l a r  t o  those exper ienced due t o  ab rup t  changes i n  
mot ion o r  suddenly app l i ed  fo rces  i n  f i e l d  ope ra t i on  and t r ans -  
p o r t a t  ion. The f o r c e  i s  normal l y  appl ied i n  t he  Y I p lane .  
8.7.2. Equipment: 
The equipment cons i s t s  o f  a  pneumat ica l ly  acce le ra ted  m i s s i l e  
( f i x t u r e ) ,  a  guide tube, and an impact pad capable o f  t r a n s m i t t  ing 
h i gh  ' G I  peak pulses o f  sho r t  d u r a t i o n  t o  the  body o f  t h e  dev ice  
w i t hou t  damage. A sketch, g i v i n g  p e r t i n e n t  d e t a i l s  o f  t h i s  
equipment i s  g iven  i n  F igure  8.20. 
F i g u r e  8 . 2 0  - OUTLINE OF PNEUPACTOR MECHANICAL SHOCK TEST EQUIPMENT 
I m p a c t  P a d  
/- 
A i r  Chamber  T u b e  M i s s i l e  
I nse r ted  
as Shown 
Breech End 
8.7.3. G Level :  
The d e c e l e r a t i o n  f o r c e  a p p l i e d  t o  t h e  dev ice i n  t he  m i s s i l e  
be ing  acce le ra ted  v a r i e s  d i r e c t l y  as t he  f i n a l  v e l o c i t y  o f  t h e  
m i s s i l e  j u s t  be fo re  impact and t h e  impact pad r e s i l i e n c y ,  and 
i n v e r s e l y  as t he  m i s s i l e ' s  weight.  The d u r a t i o n  o f  t he  f o r c e  
i s  an inverse f u n c t i o n  o f  t he  impact res i 1 iency. A l though t h e  'GI 
l e v e l  and d u r a t i o n  can be c a l c u l a t e d  f rom the  known q u a n t i t i e s  
descr ibed  above, i t  i s  no t  commonly done s i nce  equipment i s  
a v a i l a b l e  t h a t  can e a s i l y  determine t h e  f o r c e  and d u r a t i o n  by 
a c t u a l  measurement. 
I n  o rder  t o  per fo rm t h e  measurement, a  force-measuring 
t ransducer  w i t h  t h e  same impact pad m a t e r i a l  i s  s u b s t i t u t e d  f o r  
t h e  impact pad a t  t he  same d i s tance  f rom the  breech end. A 
charge a m p l i f i e r  i s  used t o  conver t  t he  transducer o r  acce le ro -  
meter ou tpu t  o f  pCb/lb t o  I b s / v o l t .  The peak vo l tage  i s  then 
recorded on a peak reading vo l tme te r  and t h e  number o f  GIs i s  
c a l c u l a t e d  f rom F = ma as f o l l o w s :  
Where: a  = a c c e l e r a t i o n  i n  f t / s e c  2 
g = a c c e l e r a t i o n  due t o  g rav i t y ,  32.17 f t / s e c  2 
F = f o r c e  i n  lbs .  
2  m = mass i n  lbs-sec / f t  
W = m iss le  weight  i n  Ibs .  
o r :  G = F  
W x ,0022 
Where: W = M i s s  i l e  weight i n  grams. 
An oscilloscope is used instead of the voltmeter when the 
pulse duration must be known in addition to the peak acceleration. 
8.7.4. Test Procedure: 
a. Read and record specified electrical parameters for each 
dev ice . 
b. Load devices into holding fixtures (missiles) for the part i -  
cular type package as given in Figure 8.21. 
Figure 8.21 - Pneupactor Shock Test Fixtures 
Force Direction YI Plane 
CERDIP CERPAC TO-5 
NOTE: Devices normally 'clamped' in fixture - 
shown suspended for clarity. 
c. Cal ibrate equipment by using a "dummy1' device in a missile. 
d. Instal 1 accelerometer in place of the impact pad. 
e. Place same type of impact pad material on accelerometer. 
f. Weigh missile containing device and record in grams. 
g. From chart, Figure 8.22, determine peak force required to 
give required acceleration for the missi le weight. 
h. Set peak reading voltmeter to proper scale, (10, 20, 50, 
100, 200, 500, 1000, 2000, or 5000 I bs/vol t) to a 1 1 ow peak 
force to fall approximately mid-scale. 
i.  Test fire missile with dummy device by placing it in pneu- 
pactor breech end and depressing firing pedal. 
j . Adjust air pressure to obtain the peak voltage reading 
required and refire. 
F i g u r e  8 . 2 2  - R E Q U I R E D  FORCE FOR G I V E N  M I S S I L E  WEIGHT AT V A R I O U S  "G" L E V E L S  
A c c e l e r a t i o n  " G ' s "  x l o 3  
P E A K  F O R C E ,  P o u n d s  x l o 3  
k.  Cont inue t e s t  f i r  ing unt  i 1 t h ree  consecut i ve  read ings a r e  
w i t h i n  2 10% o f  t h e  requ i red  va lue.  
1 .  F i r e  each t e s t  dev ice  m i s s i l e  f i v e  (5)  t imes. 
m. Unload devices f rom m i s s i l e s .  
n .  Read and record  s p e c i f i e d  e l e c t r i c a l  parameter f o r  each dev ice.  
o. Repeat s teps "b" th rough  f o r  each ' G I  l e v e l .  
8.8. THERMAL SHOCK 
8.8.1. Purpose: 
The purpose of t h i s  t e s t  i s  t o  determine t h e  c a p a b i l i t y  o f  
a dev ice  t o  w i t hs tand  sudden extreme changes i n  temperature.  
These temperature changes cause v a r i a t i o n  i n  phys i ca l  charac te r -  
i s t  i c s  t h a t  i n  t u r n  can cause changes i n  e l e c t r i c a l  cha rac te r  i s -  
t ics  and phys i ca  1 damage. 
8.8.2. Equipment: 
The equipment cons i s t s  o f  two temperature c o n t r o l l e d  baths 
c o n t a i n i n g  s u i t a b l e  l i q u i d s  chosen t o  o b t a i n  the  temperature 
extremes. I t  a l s o  inc ludes a dev ice ho ld i ng  basket and a t r ans -  
f e r  mechanism t o  a l t e r n a t e l y  immerse t he  devices i n  each temper- 
a t u r e  extreme b a t h  f o r  t he  s p e c i f i e d  t ime.  
8.8.3. Temperature Extremes: 
The program dev ices were subjected t o  t he  temperature 
e x t  remes of +200 + o OC and -65 + 5 OC f o r  a t o t a  1 o f  200 cyc 1 es . 
- 5 - 0 
E l e c t r i c a l  t e s t  and h e r m e t i c i t y  checks were performed a t  each 
20 c y c l e  i n t e r v a l .  Immersion t ime was 5 minutes and t r a n s f e r  t ime  
3 seconds. 
Each ba th  con ta ins  s i l  icon o i  1 which i s  capable o f  ma in ta in -  
ing p roper  v i s c o s i t y  a t  the  requ i red  extremes. 
Temperature c o n t r o l  i s  achieved by means o f  a thermocouple 
c o n t r o l l e d  res i s tance  heater f o r  t h e  h i g h  temperature b a t h  and a 
d r y  i c e  cooled b a t h  f o r  the  low temperature.  Thermometers a r e  
a l s o  prov ided f o r  each ba th  as an a d d i t i o n a l  temperature mon i to r .  
8.8.4. Procedure: 
a. Read and record s p e c i f i e d  e l e c t r i c a l  parameters f o r  each 
dev i ce . 
-8 b. Hel'um leak t e s t  each device. Record readings over ! x 10 a t m  3 cm /sec. 
c. Fluorocarbon gross leak  t e s t  each device and record whether o r  not  
bubbles emanate from each device. 
d. Place devices i n  ho ld ing  basket and suspend basket on t r a n s f e r  
mechanism in  thermal shock chamber. 
e. Set bath t imers and t r a n s f e r  t imer t o  5 minutes and th ree  (3) 
seconds respec t i ve l y .  
f .  Check ba th  temperatures and ad jus t  i f  necessary. 
g. Close chamber door and s t a r t  t r a n s f e r  motor. 
h. A l low devices t o  t r a n s f e r  from 20 complete cyc les as de ter -  
mined by mechanical counters. 
i. Remove basket w i t h  devices and degrease. 
j . Repeat steps a, b, and c.  
k. Repeat steps ' d l  through ' j '  f o r  each 20 cyc les.  
8.9. LEAD FATIGUE (LEAD INTEGRITY) 
The purpose o f  t h i s  t e s t  i s  p r i m a r i l y  t o  determine the 
res is tance o f  the device leads t o  metal f a t i g u e  due t o  repeated 
bendings. It i s  a l s o  used t o  t e s t  the c a p a b i l i t y  o f  the  lead 
seals t o  mainta in he rme t i c i t y  a f t e r  repeated bending. 
8.9.1. Equipment: 
The equipment cons is ts  o f  a f i x t u r e  capable o f  hold ing the 
device by i t s  body and r o t a t  ing the body 90'. A weight o f  
4 2 0.2 oz. w i t h  a clamp f o r  attachment t o  a device lead i s  a l s o  
requi red.  Sketches o f  t he  equipment f o r  each type package a r e  
shown i n  F igure 8.23 i n  the s t a r t i n g  p o s i t i o n .  
F i g u r e  8 . 2 3  - OU 
9 0 "  Arc 
& r e t u r n  
W e i g h t  
CERDIP & Clamp CERPAC 
FIXTURES 
P i v o t  / I 
A x i s  
TO-5  
8.9.2. Number o f  Arcs and Seal I n t e g r i t y :  
The program requ i red  sub jec t ing  a1 1 device leads ind i v i du -  
a l l y  t o  bending cyc les u n t i l  each lead fa t igued o r  t o  200 cycles, 
whichever occurred f i r s t .  Helium f i n e  leak and f luorocarbon gross leak 
t e s t s  were performed a t  se lected increments o f  bending cyc les as 
determined by using o ther  than program devices, such t h a t  a m in i -  
mum o f  th ree  seal t e s t s  were performed. 
8.9.3. Procedure: 
a. Load device i n t o  ho ld ing  f i x t u r e  and clamp. 
b. A t tach  weight t o  device lead number one. Rotate device i n  
f i x t u r e  go0 and r e t u r n  t o  s t a r t i n g  p o s i t  ion f o r  t h e  speci-  
f ied number o f  bending cyc les (arcs).  
c. If lead breaks be fo re , requ i red  number o f  cyc les i s  completed, 
record the  number o f  completed bending cycles. 
d. Repeat 'b iandic i for  each lead., 
urn f ine 1 ea k t e s t  dev ices and record leaks >I x 1 0 - ~ a t m  
f .  Fluorocarbon gross leak t e s t  devices. Record whether o r  no t  
bubbles a re  observed emanating from device. 
g. Repeat steps l a '  t o  I f 1  f o r  each increment o f  bending 
cyc 1 es . 
